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ABSTRACT
The p re se n c e  of so lu b le  o r  -d ep en d en t p h o sp h o ty ro sy l
pho sp h a tase  and o r  Kn^^ -d ep en d en t p -n itro p h e n y l  phosphate
p h osphatase  a c t i v i t y  in  E h r lic h  a s c i t e s  tumor c e l l  hom ogenates i s  
r e p o r te d .
The c ru d e  homogenate was f r a c t i o n a te d  o v e r Sephadex G-150 Gel 
f i l t r a t i o n  and DEAE- sep h ac e l an ion  exchange colum ns, and two f r a c t io n s  
term ed Peak I  and Peak I I  w ere r e s o lv e d . Peak I  p -n itro p h e n y l  phosphate  
ph o sp h a tase  and p h o sp h o ty ro sy l p h o sp h a ta se  a c t i v i t i e s  were found to  be 
s im i la r  in  t h a t  th ey  both  r e q u i r e  e s s e n t i a l  Mg^^ or Kn^ "*^  ions and 
d i t h i o t h r e i t o l .  O ptim al a c t i v i t y  was o b se rv ed  a t  n e u t r a l  pll. I t  was 
f u r th e r  found th a t  th e se  two Peak I  a c t i v i t i e s  w ere in h ib i te d  by z inc  
and f lu o r id e  b u t were no t in h ib i te d  by v an a d a te  and le v a m iso le .
Peak I I  was found to  have low s p e c i f i c i t y  tow ard p h o sp h o ty ro s in e  bu t 
d id  c o n ta in  - o r  -  dependen t p -n itro p h e n y l  phosphate
p h o sp h a tase  a c t i v i t y .  Both Peak I  and Peak I I  p -n itro p h e n y l  phosphate  
p h o sp h a ta se s  a c t i v i t i e s  were s im i la r  in  t h a t  th e y  bo th  r e q u i r e  e s s e n t i a l  
o r Iln^^ io n  and a re  s im i la r ly  i n h ib i te d  by p y rophospha te , bu t a re  
n o t i n h ib i te d  by le v a m iso le . However, th e r e  i s  ev idence  t h a t  th e se  two 
enzymes a re  d i s t i n c t .  D if fe re n c e s  betw een the  two f r a c t i o n s  w ith  reg a rd  
to  o p tim a l a s sa y  pH and r e a c t io n  r a t e s ;  f lu o r id e  and phosphate  
in h ib i t i o n ;  and s u s c e p t i b i l i t i e s  to  in a c t iv a t io n  by e i t h e r  h e a t .
X ll
N -e th y lm a le in id e , o r  t r y p s in  tre a tm e n t w h ile  in  th e  p re se n c e  o r  absence  
o f  e i t h e r  Kg^^* Mn^^’ p -n itro p h e n y lp h o s p h a te , d i t h i o t h r e i t o l ,  o r
pho sp h a te  su g g e s t th a t  peak I  and Peak I I  c o n ta in  d i s t i n c t  E h r lic h  
a s c i t e s  tumor c e l l  enzymes w hich be long  in  a newly d e s c r ib e d  c la s s  of 
p h o s p h a ta s e s .
X l l l
C hap ter I  
INTRODUCTION
A l iv in g  system  c o n s is t s  o f an enormous number o f  b io ch em ica l 
p ro c e s se s  th a t  a re  c lo s e ly  i n te r l i n k e d .  The r e g u la t io n  o f  th e se  
p ro c e s s e s , which i s  im p o rtan t i n  m a in ta in in g  the i n te r n a l  env ironm ent o f 
th e  l iv in g  system , i s  ach e iv ed  by a  h o s t o f  r e g u la to r y  m echanism s. These 
m echanisms can be e i t h e r  r e v e r s ib l e  or i r r e v e r s i b l e ,  and c o v a le n t or 
n o n co v a len t in  n a tu r e .
Some b iochem ica l p ro c e s se s  a r e  a c t iv a te d  ( e . g . ,  th e  p r o te in s  invo lved  
in  th e  complement sy s te m ), w h ile  o th e r s  ( e . g . ,  th e  p r o te in s  in v o lv e d  in  
th e  a n t ic o a g u la t io n  pathw ay) a r e  in a c t iv a te d  by i r r e v e r s i b l e  c o v a le n t 
m o d if ic a tio n s  o f th e  enzymes by s p e c i f ic  l im ite d  p r o te o ly s i s  o f each 
p r o t e i n 's  p o ly p e p tid e  backbone. In  a l l o s t e r y ,  th e  i n t e r a c t i o n  of a 
s p e c i f ic  m e ta b o li te  a t  a s i t e  on a  p r o te in  o th e r  th a n  th e  c a t a l y t i c  s i t e  
m odula tes the  c a t a l y t i c  a c t i v i t y  o f  th e  enzyme and t h i s  i s  an  exam ple of 
a no n co v a len t and r e v e r s ib l e  r e g u la to ry  m echanism . F o r exam ple, 
a s p a r t a t e  tra n sc a rb a m o y la se , th e  enzyme th a t  c a ta ly z e s  th e  fo rm a tio n  of 
N-carbam oyl a s p a r t a t e  from a s p a r t a t e  and carbam oyl p h o s p h a te , i s  
a l l o s t e r i c a l l y  feed b ack  i n h ib i t e d  by c y to s in e  t r ip h o s p h a te  (C TP), th e  
f i n a l  p ro d u c t in  th e  pathw ay ( G e rh a r t ,  1 9 7 0 ).
O ther b io chem ica l p ro c e s s e s  a re  re g u la te d  by r e v e r s ib l e  c o v a le n t 
m o d if ic a tio n  o f s p e c i f i c  amino a c id  r e s id u e s .  Examples o f  r e v e r s ib l e
F ig u re  1 : R e g u la tio n  by p h o s p h o ry la tio n /d é p h o s p h o ry la tio n .
A ction  o f  E p in e p h rin e  on th e  l iv e r  c e l l .
(A) S t im u la t io n  o f g lycogen  breakdown m ed ia ted  v i a  cAMP dependent 
p ro te in  k in a s e :  n o te  th e  co n v e rs io n  o f in a c t iv e  form  o f p h o sp h o ry la se  to 
a c t iv e  p h o sp h o ry la te d  form  o f  p h o sp h o ry la se .
(B) I n h ib i t i o n  o f  g ly co g en  s y n th e s is  m ed ia ted  v ia  cAlîP dependent 
p r o te in  k in a s e :  n o te  th e  co n v ers io n  o f a c t iv e  dephospho form o f g lycogen  











Protein kinase + cAMP- R
0
(active)
1ATP+ D ephospho-phosphorylaseZ* Phospho-phosphorylase ♦ ADP 
kinase (inactive) kinase (active)
IATP+phosphorylase b - ^  Phosphorylase a ♦■ADP 
(inactive) (active)
/
Glycogen+ Pi ■ -» Glucose 1-phosphate
enzyme m o d if ic a tio n s  in c lu d e  p h o s p h o ry la tio n , m é th y la tio n , a c é ty la t io n  
and s u l f a t i o n .  P h o s p h o ry la tio n / d é p h o sp h o ry la tio n  i s  th e  most 
prédom inen t and b e s t  s tu d ie d . The c o v a le n t a ttach m en t o f  phosphate  to 
e i t h e r  s e ry l  o r  th re o n y l r e s id u e s  o f a  p r o te in  was f i r s t  i d e n t i f i e d  by 
F . Lipman and P. A. Levine in  1932. The im portance  o f such re v e r s ib le  
and c o v a le n t m o d if ic a tio n  o f  p r o te in s  i n  c e l l u l a r  r e g u la t io n  vas 
re c o g n iz e d  as  e a r ly  a s  th e  1950s by a  s e r i e s  o f s tu d ie s  c a r r ie d  ou t by 
in v e s t ig a to r s  such a s  E . W. S u th e r la n d , E. G. K rebs, E. F is h e r  and J .  
L a m e r . T h e ir  work c l a r i f i e d  th e  r o l e  o f r e v e r s ib l e  p h o sp h o ry la tio n  as 
a means o f r e g u la t in g  s e v e ra l  key enzymes i n  th e  m etabolism  o f  glycogen 
(F ig u re  lA and IB) (Y asu itom i, N .,1 9 8 4 ) . E p in ep h rin e  (F ig u re  lA ) , which 
s t im u la te s  g lycogen  breakdown i n  th e  l i v e r  and m u sc le , i n i t i a t e s  a  
c a scad e  o f a m p l i f ic a t io n  r e a c t i o n s .  E p in ep h rin e  b in d s to  a s p e c if ic  
r e c e p to r  s i t e  on th e  c e l l  membrane, c a u s in g  s t im u la t io n  o f  the 
co n v e rs io n  o f i n t r a c e l l u l a r  ad e n o sin e  t r ip h o s p h a te  (ATP) to  3 ' - 5 '  cy c lic  
ad e n o sin e  m onophosphate ( c y c l ic  AMP) by a membrane bound adeny la te  
c y c la s e .  C y c lic  AMP in  tu r n  a c t i v a t e s  p r o te in  k in a s e ;  th is  
p h o sp h o ry la te s  phospho ry lase  k in a s e  a t  th e  expense o f ATP, converting  
p h o sp h o ry la se  k in a se  in to  an  a c t i v e  form  w hich , in  t u r n ,  a c t iv a te s  
g lycogen  p h o sp h o ry lase  by p h o s p h o ry la tio n . T h is  ch a in  o f  e v e n ts  thus 
s t im u la te s  g lycogen  breakdown in to  b lood  g lu co se  in  th e  l iv e r .  
E p in ep h rin e  n o t on ly  s t im u la te s  th e  g lycogen  breakdown pathway b u t a lso  








0  R 
(inactive)
-► Protein kinase 4- cAMP- R
0
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6accom plished  v ia  th e  fo rm a tio n  o f  c y c l ic  AMP w hich prom otes th e  p r o te in  
k in ase -d e p e n d e n t p h o s p h o ry la tio n  of th e  a c t iv e  o r  d ep h o sp h o ry la ted  form 
o f  g lycogen  s y n th e ta s e  to i t s  p h o sp h o ry la te d  i n a c t iv e  form .
Hence, an im p o rta n t g e n e r a l i ty  t h a t  has emerged i s  th a t  enzymes in  
b io d e g ra d a t iv e  pathw ays a r e  a c t iv a te d  by p h o s p h o ry la tio n  , w hereas th e  
enzymes in  b io s y n th e t ic  pathw ays a r e  i n a c t iv a t e d  by p h o sp h o ry la tio n  
(F ig u re  2) (Cohen, P . ,  1978 & 1982; K rebs, E . , and Beavo, J . ,  1979; 
Nimmo, H ., and Cohen, P . ,  1977; I n g e r s te in ,  T . ,  and Cohen, P . ,  19 7 7 ). 
The r e s u l t s  a ls o  su g g e s te d  t h a t  d i f f e r e n t  m e ta b o lic  pathw ays m ight be 
r e g u la te d  by p r o te in  k in a s e s  and p r o te in  p h o s p h a ta s e s . These id e a s  were 
e s ta b l i s h e d  fo r  p r o te in  k in a s e s ,  in  th e  l a t e  1960s when E. G. K rebs 
d isc o v e re d  cAMP-dependent p r o te in  k in a s e  ( p r o t e in  k in a s e  A) and i t s  
d e f i n i t e  r o le  in  s ig n a l  t r a n s d u c t io n .  When some hormones bind to  plasm a 
membrane-bound r e c e p to r s ,  cAMP then  a c t s  as a secondary  m essenger w hich 
t r a n s m its  th e  b in d in g  s ig n a l  in to  th e  c e l l  i n t e r i o r .  Hormones w hich 
b in d  to  plasm a membrane-bound r e c e p to r s  and w hich s t im u la te  cAMP 
p ro d u c tio n  by cAMP-dependent p r o te in  k in a s e  in c lu d e ,  e p in e p h r in e , 
g lu c a g o n , g o n o d o tro p ic  horm ones, p a ra th y ro id  hormone, c a l i c i t o n i n  and 
v a s o p re s s in .  C le a r ly ,  as seen  in  F ig u re s  lA and IB , th e  e f f e c t s  o f t h i s  
secondary  m essenger on b io s y n th e t i c  and b io d e g r a t iv e  pathw ays a re  a 
consequence o f th e  p h o sp h o ry la tio n  by cAKP dependen t p r o te in  k in a s e s  o f  
v a r io u s  r e g u la to r y  enzymes in  th ese  pathw ays (Y asu ito m i, N ., 1984).
Most s tu d ie s  to  d a te  have c o n c e n tra te d  on th e  pathw ay th a t  in v o lv e s  
th e  cAMP dependen t p r o te in  k in a s e s ,  enzymes t h a t  a lm ost alw ays 
p h o sp h o ry la te  s e r in e  r e s id u e s .  However, a new ty p e  o f p r o te in
F ig u re  2 : P h o s p h o ry la tio n /d é p h o s p h o ry la tio n  in
(A) B io s y n th e tic  pathw ay.




















m o d if ic a t io n ,  a p p a re n tly  in v o lv ed  in  a  number o f c r u c ia l  m e ta b o lic  
p r o c e s s e s ,  was rec o g n ize d  o n ly  a  few y e a rs  ago , when C o lle t  and 
E r ic k s o n , R. L. (1978) d isc o v e re d  th a t  th e  s r c  gene p ro d u c t of Rous 
Sarcoma V iru s  (RSV) pp60^^^ was a p r o te in  k in a s e .  T h is  was su b seq u e n tly  
i d e n t i f i e d  as  a ty ro s in e  s p e c i f ic  p r o te in  k in a s e  (H u n te r, T . ,  (1980) , 
H un ter and S e f to n  (1 9 8 0 )) .  C e l ls  t h a t  w ere tra n sfo rm ed  by RSV , as  w e ll  
a s  some o th e r  RNA tumor v i r u s e s ,  showed e le v a te d  le v e ls  o f  
p h o sp h o ty ro s in e  (B arbac id  e t  a l . ,(1 9 8 0 ) , Blomberg e t  a l . ,  (1 9 8 0 ), S e fto n  
e t  a l . ,(1 9 8 1 ) ) .  When th e  RSV in fe c te d  c e l l s  c o n ta in in g  a  tem p e ra tu re  
s e n s i t i v e  m u ta tio n  in  th e  tra n s fo rm in g  gene w ere s h i f t e d  to  a 
r e s t r i c t i v e  tem p e ra tu re  f o r  t r a n s fo rm a t io n , i t  was seen  th a t  60% o f  th e  
p h o sp h o ty ro s in e  r e s id u e s  were d e p h o sp h o ry la te d  w i th in  75 min (S e fto n  e t  
a l . ,  1 980 ). T h is  su g g ested  th a t  th e  le v e l  o f  p h o sp h o ty ro s in e  r e s id u e s  in  
th e s e  p r o te in s  r e f l e c t e d  on th e  r e l a t i v e  a c t i v i t i e s  o f b o th  
p h o sp h o ty ro sy l p r o te in  k in a s e s  and p h o sp h o ty ro sy l p r o te in  p h o s p h a ta s e s . 
I t  i s  th e r e f o r e  p o s s ib le  t h a t  th e  p h o s p h o ry la tio n  o f th e  ty ro s y l  
r e s id u e s  o f c e r t a i n  p r o te in s  w ith  r e g u la to r y  fu n c t io n s  could  m ed ia te  th e  
complex a l t e r a t i o n s  in  c e l l u l a r  m etabo lism  th a t  u l t im a te ly  lead  to  a 
tra n s fo rm e d  pheno type .
P h o sp h o ry la tio n  o f s p e c i f ic  ty ro s in e  r e s id u e s  has a ls o  been observed  
i n  c e l l u l a r  r e g u la t i o n .  For example , p h o s p h o ry la tio n  o f  ty r o s y l  
r e s id u e s  has been seen  fo llo w in g  th e  a d d i t io n  o f grow th f a c to r s  such a s  
e p id e rm a l grow th  f a c t o r  (EGF) (C a rp e n te r  e t  a l . ,1979 ; Cohen e t  a l . .
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1980; King e t  a l . ,  1980; ü s h ir o  and Cohen, 1980 .) and p l a t e l e t  d e riv e d  
g row th  f a c to r  (PDGF) (Ek e t  a l . ,  1982) to  c e l l  membranes. I t  has been 
se e n  th a t  in  Â-431 human ep iderm oid  carcinom a c e l l s ,  th e  EGF r e c e p to r ,  a 
p h o sp h o p ro te in  o f  m o le c u la r  w e ig h t 170 ,000 , undergoes p h o s p h o ry la tio n  a t  
ty r o s in e  r e s id u e s  upon s t im u la t io n  by EGF (H unter and C o o p e r., 1981 ). 
The r e c e p to r s  fo r  th e s e  grow th f a c to r s  and th e  p r o te in s  encoded f o r  by 
th e  tra n s fo rm in g  genes (oncogenes) o f v i r u s e s ,  such  a s  RSV, have been 
i d e n t i f i e d  as p r o te in  ty r o s in e  k in a se s  (H un ter and S e f to n , 1980 & 1982; 
U sh iro  and Cohen, 1980; Ek e t  a l . ,  1982; Cooper e t  a l . ,  1 9 8 2 ). 
P h o sp h o ty ro sy l p r o te in  k in a s e  a c t i v i t y  h as  a ls o  been o b se rv ed  to  be 
a s s o c ia te d  w ith  o th e r  m ito g e n ic  p e p tid e s  such as  tra n s fo rm in g  grow th 
f a c t o r  (IGF) (R o b e rts  e t  a l . ,  1980) , o th e r  p r o te in s  l i k e  i n s u l in
r e c e p to r  (K asuga, M ., e t  a l . ,  1982; R oth , R . , e t  a l . ,  1983) and sodium - 
p o tass iu m  s tim u la te d  ad e n o sin e  t r ip h o s p h a ta s e  (Ka^ + K* -ATPase) 
( S p e c to r ,  M ., e t  a l . ,  1980 ).
Normal c e l l s  have a ls o  been  seen to  p o sse ss  t y r o s i n e -  s p e c i f ic  
p r o te i n  k in a s e  a c t i v i t y .  However, t h i s  a c t i v i t y  i s  e x p re s se d  a t  much 
low er l e v e l s  than  th o se  d e te c te d  in  th e  tra n sfo rm ed  c e l l s  (H un ter and 
S e f to n . ,  1980; S e f to n  e t  a l . ,  1980). P h o sp h o ty ro s in e  r e s id u e s  accoun t 
f o r  o n ly  0.03% o f a l l  th e  p h o sp h o ry la te d  amino a c id s  in  norm al c e l l s ,  
w h ile  p h o sp h o serin e  and p h o sp h o th reo n in e  accoun t f o r  th e  rem ain in g  
99.97% (S e f to n  e t  a l . ,  1980; H unter and S e f to n , 1982). T h is  ty ro s y l  
p r o te in  k in a s e  a c t i v i t y  i s  h ig h ly  co n serv ed  th ro u g h o u t e v o lu t io n  
(Oppermann e t  a l . ,  1976 and Bishop e t  a l . ,  1980 ) .  T h is  su g g e s ts  th a t  
th e  p h o sp h o ry la tio n  o f  s p e c i f i c  ty ro s y l  r e s id u e s  in  p r o te in s  may be 
im p o rta n t in  th e  r e g u la t io n  o f c e r t a in  e s s e n t i a l  c e l l u l a r  p ro c e s s e s .
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In  c o n t r a s t  to  the  numerous r e p o r t s  d e a lin g  w ith  th e  p h o sp h o ry la tio n  
o f  s p e c i f i c  ty ro s in e  r e s id u e s  by p h o sp h o ty ro s in e  p r o te in  k in a s e s ,  th e re  
have been v e ry  few p u b l ic a t io n s  t h a t  have re p o r te d  th e  r e s u l t s  from 
in v e s t ig a t io n s  o f  th e  c o rre sp o n d in g  p h o sp h o ty ro sy l p r o te in  p h o sp h a ta se s . 
In  t h i s  r e g a rd ,  Swarup e t  a l . , (1 9 8 2 ) , have r e c e n t ly  dem o n stra ted  
a lk a l in e  p h o sp h a ta se s  from  c a l f  i n t e s t i n e ,  bov ine  l i v e r  and E . c o l i  th a t  
d e p h o sp h o ry la te  p h o sp h o ty ro sy l h i s to n e s  a t  5 -10 tim es th e  r a t e  observed  
w ith  p h o sp h o sery l h i s to n e s .  T his p h o sp h o ty ro sy l p r o te in  p h o sp h a tase  
a c t i v i t y  was i n h ib i te d  by m icrom olar c o n c e n tra t io n s  o f v a n a d a te . I t  was 
a ls o  i n h ib i te d  by pho sp h a te  and p -n itro p h e n y lp h o s p h a te  (PNPP), b u t was 
n o t i n h ib i t e d  by f lu o r id e  (F ) .  These p h o sp h a ta se s  w ere a ls o  seen  to  
p o sse s s  c a tio n - in d e p e n d e n t  p -  n itro p h e n y lp h o sp h a te  p h o sp h a ta se  (PNPPase) 
a c t i v i t y .
C herno ff e t  a l . , (1 9 8 3 ) , r e p o r te d  an a lk a l in e  p h o sp h a ta se  from  bovine 
c a rd ia c  m uscle w hich s p e c i f i c a l l y  d e p h o sp h o ry la ted  p h o sh o ty ro sy l 
Im m unoglobulin G (IgG ) . T his enzyme was in h ib i te d  by z in c  (Zn^*) ,
PNPP, and phosphate  ( P i)  b u t was n o t i n h ib i te d  by f l u o r i d e .  T h is  enzyme 
was a ls o  seen  to  p o sse s s  PNPPase a c t i v i t y .
In  l i g h t  of th e  e v id en ce  t h a t  a lk a l in e  p h o sp h a ta se s  a re  a c t iv e  
tow ards p h o sp h o ty ro sy l p r o te i n s ,  L e is  and K aplan , (1 9 8 2 ) , tu rn e d  t h e i r  
a t t e n t i o n  tow ard a s im i la r  in v e s t ig a t io n  o f a c id  p h o sp h a ta se s  and were 
s u c c e s s fu l  in  i s o l a t i n g  an  a c id  p h o sp h a ta se  from th e  plasm a membrane o f 
human a s tro c y to m a  t h a t  e x h ib i te d  a v e ry  h ig h  s p e c i f i c i t y  tow ards 
p h o sp h o ty ro s in e  p r o t e i n s .  Vanadate was found to  be a p o te n t  i n h ib i to r  o f 
t h i s  p h o sp h o ty ro sy l p r o te in  p h o sp h a ta se . 0 .5  mM v an a d a te  i n h i b i t s  about
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50% o f th e  a c t i v i t y .  They a l s o  r e p o r te d  t h a t  f lu o r id e  and z in c  
s i g n i f i c a n t l y  in h ib i te d  p h o sp h o serin e  h is to n e  d e p h o sp h o ry la tio n  b u t d id  
n o t i n h i b i t  p h o sp h o ty ro s in e  h is to n e  d e p h o sp h o ry la tio n  by t h i s  enzyme.
Heng Chun L i . ,  (1984) i s o l a te d  an  a c id  p h o sp h a ta se  from  human 
p r o s t r a t e  g lan d  w hich s p e c i f i c a l l y  d e p h o sp h o ry la te d  (32-P ) la b e l le d  
p h o sp h o ty ro sy l c a s e in .  T h is  p h o sp h a ta se  was in h ib i te d  by PNPP, 
m o ly b d a te , v a n a d a te , and f lo u r id e .  The p u r i f ie d  enzyme e x h ib i te d  h igh  
s p e c i f i c i t y  tow ard p h o sp h o ty ro sy l r e s id u e s  and l i t t l e  a c t i v i t y  tow ard 
s e v e r a l  p h o sp h o sery l and p h o sp h o th reo n y l p r o te i n s .
I n  a d d i t io n ,  p h o sp h o ty ro sy l p r o te in  p h o sp h a ta se s  lac k in g  a lk a l in e  or 
a c id  p h o sp h a ta se  a c t i v i t i e s  have a ls o  been  d e s c r ib e d . B ra u tig a n  e t  a l . ,  
(1 9 8 2 ) , d em o n stra ted  th e  p rese n c e  o f a  n e u t r a l  pho sp h a tase  in  membrane 
v e s i c l e s  i s o l a te d  from  a  number o f  c e l l  l i n e s ,  in c lu d in g  th e  E rh lic h  
A s c i te s  Tumor (EAT) c e l l  l i n e ,  w hich d ep h o sp h o ry la ted  s e v e ra l  
p h o sp h o ty ro sy l p r o te in s .  The a c t i v i t y  o f  t h i s  enzyme was i n h ib i te d  by 
m icrom o lar c o n c e n tra t io n  o f z in c  io n  (Zn^*) b u t  was a p p a re n tly  no t 
i n h ib i t e d  by f lu o r id e  (F ~ ) . The l a t t e r  i s  known to  be a p o te n t 
i n h i b i t o r  of p h o sp h o sery l p r o te in  p h o sp h a ta se  (C h ern o ff e t  a l . , (1 9 8 3 )) .
F o u lk es  e t  a l . , (1 9 8 1 ), d e s c r ib e d  an  e th y le n e d ia m in e te t ra a c e t ic
ac id -so d iu m  f lu o r id e  (EDTA-NaF) i n s e n s i t i v e  p h o sp h a tase  a c t i v i t y  in  r a t
s k e l e t a l  m uscle  and l i v e r  e x t r a c t s  w hich  d ep h o sp h o ry la ted  pp60®^^ 32-P
2+l a b e l l e d  p h o sp h o ty ro sy l-Ig G . T h is  enzyme was a ls o  i n h ib i te d  by Zn 
T hese r e s u l t s  su g g ested  th a t  th e  p h o sp h o ty ro sy l p r o te in  p h o sp h a ta se (s )  
p r e s e n t  in  th e s e  t i s s u e  e x t r a c t s  w ere d i s t i n c t  from th e  mammalian 
p h o sp h o s e ry l/  p h o spho th reony l p r o te i n  p h o sp h a ta se s . F ou lkes e t
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a l . ,(1 9 8 3 ) , have a ls o  i s o la te d  f iv e  p h o sp h o ty ro sy l p r o te in  p h o sp h a ta se s  
from  c h ic k e n  b ra in  e x t r a c t s .  These p h o sp h a ta se s  were a ls o  n o t in h ib i te d  
by EDTA o r  f lu o r id e .  In  f a c t ,  EDTA s t im u la te s  th e  enzyme w hereas 
d iv a le n t  c a t io n s  l ik e  and  Zn^* w ere shown to  i n h i b i t  th e  enzyme
a c t i v i t y .  T h e re fo re , th e s e  enzymes w ere s im i la r  to  th o se  i s o l a te d  from  
r a t  s k e l e t a l  m uscle and l i v e r  e x t r a c t .
We have i s o la te d  ph o sp h a tase  a c t i v i t y  from EAT c e l l s .  An 
in v e s t ig a t io n  o f  phosphatase  from  th e  EAT c e l l s  i s  i n t e r e s t i n g  because
( i )  Such phosphatases  may p lay  v e ry  im p o rta n t r o le s  i n  m e ta b o lic  
r e g u la t io n  in c lu d in g  bo th  c e l l  grow th and p o s s ib ly  c e l l  t r a n s fo rm a t io n . 
C h a r a c te r iz a t io n  of p h o sp h o ty ro sy l p h o sp h a ta se s  w i l l  be c r i t i c a l  to  our 
u n d e rs ta n d in g  o f th ese  p ro c e s s e s .
( i i )  I n  EAT c e l l s ,  i t  i s  su sp e c te d  t h a t  th e  enzyme 
sod ium -potasium -dependen t aden o sin e  t r ip h o s p h a ta s e  (Na* + K^-ATPase) 
does no t work e f f i c i e n t l y  (S p e c to r ,  M., e t  a l . ,  1980). Na^ + K^-ATPase 
i s  th e  b io ch em ica l m a n if e s ta t io n  o f th e  sodium  pump. In  norm al c e l l s ,  
Na^ + K^-ATPase i s  a m u lt is u b u n it  enzym e. I t  r e g u la te s  th e  a c t i v e  
t r a n s p o r t  o f  sodium (Na^) and (K*) a c ro s s  th e  c e l l  membrane (F ig  3) 
( Jo rg e n s e n , P .L .,  1980 ). To f a c i l i t a t e  t h i s  io n  t r a n s p o r t ,  one m o lecu le  
o f  ATP i s  hydro lyzed  w ith  th e  co n c o m itta n t e f f i c i e n t  t r a n s p o r t  o f th r e e  
m oles of Na"*^  and two m oles o f  a c ro s s  th e  c e l l  membrane o f norm al 
c e l l s .  In  a d d it io n  , th e  sodium pump i s  in v o lv e d , e i t h e r  d i r e c t l y  o r  
i n d i r e c t ly  , in  s e v e ra l  p h y s io lo g ic a l  p ro c e s s e s .  These in c lu d e  th e  
r e l e a s e  and uptake o f n e u ro tr a n s m it te r  (Meyer e t  a l  1981; V iz i ,  1 9 7 8 ), 
th e  g e n e ra tio n  of th e  Na^ and K'*’ g r a d ie n t  a c ro s s  th e  c e l l  membrane
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n e c e ssa ry  fo r  th e  m ain tenance  o f  th e  c e l l  membrane r e s t i n g  p o t e n t i a l ,  
th e  c o n tro l  o f  v a s c u la r  (Lang e t  a l  1980) and v i s c e r a l  (S ch ied  e t  a l  
(1979) smooth m uscle to n e , th e  t r a n s p o r t  o f g lu co se  a c ro s s  th e  c e l l
membrane (B ih le r  e t  a l  1979) and th e  s e c r e t io n  of f l u i d  in  s e v e ra l  
e p i t h e l i a l  t i s s u e s  (S te w a rt e t  a l . ,  1 9 8 1 ).
I t  i s  c le a r  th a t  changes i n  Na*+ K^-ATPase a c t i v i t y  w i l l  e f f e c t  
s e v e ra l  p h y s io lo g ic a l  p ro c e s s e s .  I n  a  s tudy  o f  i n t a c t  EAT c e l l s  , i t  
was shown th a t  Na*+ K^-ATPase i s  l i k e l y  to  pump Na^ io n s  w ith  low
e f f i c i e n c y .  E f f ic ie n c y  o f th e  pump i s  d e fin e d  as  r a t i o  o f  th e  number of 
Na^ io n s  pumped p e r m ole o f  ATP h y d ro ly se d . I t  i s  a ls o  known th a t  th e  B 
su b u n its  o f  Ka*+ K^-ATPase in  t h i s  c e l l  l in e  a re  p h o sp h o ry la te d  a t
ty ro s in e  re s id u e s  (S p e c to r ,  M ., e t  a l . ,  1981 ). I t  i s  th e r e fo r e  p o s s ib le  
t h a t  th e  p h o sp h o ry la tio n  o f  ty ro s in e  r e s id u e s  on B s u b u n its  causes the  
pump to  work i n e f f i c i e n t l y .  T h is  c o u ld  in d ic a te  e i t h e r  an  in c re a s e  in  
ty ro s in e  k in a se  a c t i v i t y  in  th e s e  tum or c e l l s  w hich in c r e a s e s  the  deg ree  
o f  p h o sp h o ry la tio n  o f  th e  norm al s u b s t r a t e ,  o r  i t  cou ld  in d ic a te  an 
in tr o d u c tio n  o f a m u ta ted  p r o te in  k in a s e  w ith  an a l t e r e d  s u b s t r a te  
s p e c i f i c i t y  w hich p h o sp h o ry la te s  p r o te in s  w hich a r e  n o t no rm ally  
s u b s t r a t e s .  T h is  cou ld  a ls o  in d ic a te  m uta ted  p h o sp h a ta se s  w ith  a l t e r e d  
s u b s t r a te  s p e c i f i c i t y  o r i t  could  i n d ic a te  low le v e ls  o f  phosphatase  
p re s e n t  i n  th e  EAT c e l l s .  Hence, in  e i t h e r  c a s e , i s o l a t i o n  o f
p h o sp h o ty ro sy l p h o sp h a ta se  from  t h i s  c e l l  l i n e  i s  im p o rta n t fo r  
u l t im a te ly  d em o n stra tin g  t h a t  p h o sp h a ta se  dependent d e p h o sp h o ry la tio n  of 
th e  p h o sp h o ry la ted  s u b u n its  o f Na*+ K^—ATPase would r e s to r e  f u l l  Na 
pumping e f f i c i e n c y .
15
F ig u re  3 : Schem atic r e p r e s e n ta t i o n  o f  a c t i v e  t r a n s p o r t  system  fo r
sodium and p o tass iu m  io n .
E = Na2++ K^'^-ATPase.
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The o b je c t iv e  o f  my re s e a rc h  i s  to  i s o l a t e  and c h a r a c te r iz e  n e u tr a l  
p h o sh a ta se s  p re s e n t  in  the  EAT c e l l  l i n e .  C h a r a c te r iz a t io n  was done 
u s in g  th e  n o n -p ro te in  e s t e r s  PNPP and  L -p h o sp h o ty ro s in e  as s u b s t r a te s .  
The e s t e r  PNPP was used  because  o f  i t s  s t r u c t u r a l  resem blance  to  
L -p h o sp h o ty ro s in e  ( th e  m od ified  am ino a c id  r e s id u e  in  p h o sp h o ty ro sy l 
p r o te in s )  (F ig u re  4 ) .
S e p a ra tio n  o f two p h o sp h a tase  f r a c t i o n s  was ach iev ed  by g e l 
f i l t r a t i o n  and a n io n  exchange ch rom atog raphy . These two phosphatase  
f r a c t i o n s  were c h a ra c te r iz e d  w ith  r e s p e c t  to  o p tim al a ssa y  c o n d it io n s  
and to  th e  e f f e c t  o f p o t e n t i a l  i n h i b i t o r s  l i k e  f lu o r id e ,  phosp h a te , 
p y ro p h o sp a te , z in c ,  v an ad a te  and le v a m is o le .  F u r th e r  c h a r a c te r iz a t io n s  
were done u s in g  b io ch em ica l and ch em ica l m odify ing  a g e n ts  namely t ry p s in  
and N- e th y l  m aleaim ide (NEM). Thermal s t a b i l i t y  o f th e s e  two 
p h o sp h a ta se  f r a c t i o n s  was a ls o  d e te rm in e d  .
C h a r a c te r iz a t io n  of th e se  enzymes has shown th a t  they  a r e  d i f f e r e n t  
from  th e  ones d e s c r ib e d  by o th e r  i n v e s t ig a t o r s ,  and hence  could  
c o n c ie v a b ly  be long  to  a  new c la s s  o f  p h o sp h a ta se s  ( s e e  Appendix 1 ) .
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F ig u re  4 : S t ru c tu re  o f  :
(A) p -n itro p h e n y l  p h o sp h a te .
( b) P h o sp h o ty ro s in e .
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Sodium o r th o v a n a d a te , ammonium m olybdate , and sodium c i t r a t e  were 
pu rchased  from  F is h e r  S c i e n t i f i c .  M alach ite  g reen  and z in c  c h lo r id e  were 
p u rch ased  from  A ld r ic h .  G e l - f i t r a t i o n  s ta n d a rd s  w ere p ro d u c ts  o f 
B io-R ad . Im in o d ia c e tic  a c id -S e p h a ro se  CL-4B was th e  p ro d u c t of P ie rc e  
Chem ical Company. A ll  o th e r  b io ch em ica ls  w ere o b ta in e d  from Sigma
Chem ical Company.
2 .2
ISOLATION OF PNPPASES ACTIVITY FROM EAT CELLS
EAT c e l l s  w ere i s o l a te d  from 9-day c u l tu r e s  m a in ta in e d  in  a colony o f 
HSD: (ICR) BR m ale m ice (H arlan  Sprague-D aw ley, I n c . ) .  Crude s o lu b le
PNPPase a c t i v i t y  was p re p a re d  from EAT c e l l s  a s  fo llo w s :  c e l l s  were
sw o llen  in  10 mM CaClg a t  room tem p era tu re  f o r  15 m in w ith  s t i r r i n g ,  and 
in c u b a te d  an  a d d i t io n a l  10 min w ith  s t i r r i n g  i n  ic e  w a te r b e fo re  
hom ogen ization  by 23 s tr o k e s  in  a t i g h t - f i t t i n g  Dounce hom ogenizer.
F lu f fy  membrane frag m en ts  and unbroken c e l l s  w ere removed by
c e n t r i f u g a t io n  a t  lOOg (av e ra g e )  fo r  1 min in  a S o rv a ll  SS-34 r o to r .
2 0
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Rem aining membranous p a r t i c l e s  were removed by c e n t r i f u g a t io n  a t  17,000g 
(a v e ra g e )  fo r  20 m in . The s u p e rn a ta n t o b ta in e d  a f t e r  c e n t r i f u g a t io n  a t  
17,000g f o r  20 m in se rv ed  a s  th e  so u rce  fo r  crude  PNPPase.
The crude  PNPPase was f u r th e r  r e s o lv e d  in to  two f r a c t io n s  o f  PNPPase 
a c t i v i t y  by a  two s te p  ch rom atog raph ic  p ro ce d u re . In  th e  f i r s t  s te p  the  
crude enzyme was c o n c e n tra te d  to  50 ml by u l t r a f i l t r a t i o n  o v e r UM 10 
membranes (Amicon C o rp o ra t io n ) . The c o n c e n tra te  was loaded on a 4 .4  x 
48-cm Sephadex G-150 g e l  f i l t r a t i o n  column e q u i l ib r a te d  and e lu te d  w ith  
B u ffe r  A (20 mM T ris -E C l, pH 7 .4 ,  130 mK N aC l). 7 ml f r a c t i o n s  were 
c o l l e c te d  in  13 xlOO mm d isp o s a b le  t e s t  tu b e s .  The f r a c t i o n s  th a t
c o n ta in e d  maximum PNPPase a c t i v i t y ,  74 -97 , were th e n  pooled as  shown in  
F ig u re  5 and term ed ' c ' .  The o th e r  f r a c t i o n  c o n ta in in g  PNPPase 
a c t i v i t y ,  40 -70 , was a ls o  pooled a s  shown in  F ig u re  5 and term ed ' b ' . 
In  a d d i t io n ,  f r a c t i o n s  10-34  and 100-120 were a ls o  pooled  s e p a r a te ly  and 
c a l le d  ' a '  and ' à '  r e s p e c t iv e ly .  When th e se  poo led  f r a c t i o n s ,  ' a ' ,  ' b ' ,  
and " d ' were r e c o n s t i t u te d  w ith  f r a c t i o n  ' c ' ,  no s t im u la t io n  in  a c t i v i t y  
was o b se rv e d . Hence, th e  pooled f r a c t i o n  ' c '  was c o n c e n tra te d  and 
e q u i l ib r a te d  in  B u ffe r  B (20 mil T ris -K C l, pH 7 .4 ,  50 mM NaCl) to  a 
volume o f  50 ml by u l t r a f i l t r a t i o n  over PM-10 membranes (Amicon 
C o rp o ra t io n ) . T h is  c o n c e n tra te  was then  loaded  on to  a 1 .6  x 38-cm 
DEAE-Sephacel a n io n  exchange column e q u i l ib r a te d  in  B u ffe r  B. The 
unbound p r o te in  was w ashed from th e  column w ith  B u ffer B u n t i l  no 
abso rbance  a t  280 nm was d e te c te d  by an o n - l in e  ÜV m o n ito r . Bound 
p r o te in s  were e lu te d  i n  B u ffe r  B u s in g  a  l in e a r  s a l t  g ra d ie n t  from  50 ml-I 
to  350 mM NaCl (600 ml t o t a l  g r a d ie n t  vo lum e). 7 ml f r a c t i o n s  were
22
F le u re  5 . Sephadex G-150 e lu t io n  p r o f i l e  fo r  EAT c e l l  PNPPase. The EAT 
c e l l  homogenate was f r a c t io n a te d  over Sephadex G-150. C hrom atographic 
p ro ced u res  w ere perform ed a s  d e s c r ib e d  under M a te r ia ls  and M ethods. The 
a ssa y  medium c o n s is te d  of 80 mM T ris -E C l, pH 7 .5 ,  40 mM MgCl^, 20 mM 
PNPP, and 1 mM DTT.
For an  e s t im a t io n  o f  the  PNPPase m o lecu la r w e ig h ts , th e  column was 
c a l ib r a te d  w ith  bovine th y ro g lo b u lin  (Mr 670 ,000) (T ), b o v in e  Y -g lo b u lin  
(Mr 158,000) (G ), ch ick en  ovalbum in (Hr 44 ,000 ) ( 0 ) ,  h o rse  m yog lobu lin  
(Mr 17 ,000) (M), and v ita m in  B12 (Mr 1350) (B ) . The e lu te d  f r a c t i o n s  
w ere poo led  as  fo llo w s ;  F r a c t io n  ' a '  10-34 ; ' b '  4 0 -70 ; ' c '  7 4 -9 7 ; ' d '
100-120 . The p r o f i l e  shown i s  r e p r e s e n ta t iv e  o f  17 s e p a r a te  














c o l le c te d  a s  above in  an  LKB Superac f r a c t i o n  c o l l e c t o r .  C o n d u c tiv ity  
m easurem ents w ere perfo rm ed  on a  Yellow  S p rin g s  In s tru m e n ts  Model 31 
c o n d u c tiv i ty  b r id g e  to  d e te rm in e  th e  s a l t  g r a d i e n t .  The f r a c t io n s  were 
a ssa y e d  f o r  PNPPase a c t i v i t y  as  d e s c r ib e d  be low . Two peaks o f a c t i v i t y  
were o b ta in e d . Each was poo led  as shown in  F ig u re  6 ,  and each  h e n c e fo r th  
r e f e r r e d  to  a s  Peak I  and Peak I I  PNPPase i n  o rd e r  o f  e lu t io n  from th e  
DEAE colum n. A ll  ch rom atog rah ic  s te p s  were perform ed a t  4 °C and a t  a 
c o n s ta n t flow  r a t e  o f  20 m l/h  u s in g  a LKB p e r s t a l t i c  pump.
The po o led  f r a c t i o n s  w ere r o u t in e ly  examined by n a t iv e  po lyacry lam ide  
g e l  e le c t r o p h o r e s i s  u s in g  a  7 % re s o lv in g  g e l  made as d e s c r ib e d  by D avis 
(1 9 6 4 ).
The r e s o lv in g  o r  ru n n in g  g e l  m ix tu re  was p rep a re d  by m ixing th e
fo llo w in g  s o lu t i o n s .  Mix 1 p a r t  o f  S o lu tio n  A (T ris -H C l, pH 8 .9 ,  w ith
TEMED), 2 p a r t s  o f  S o lu tio n  B (28% a c ry la m id e , 0.73% b is - a c r y la m id e ) , 1 
p a r t  of d e io n iz e d  w a te r  and 4 p a r t s  o f  0.14% f r e s h ly  p re p a re d  ammonium 
p e r s u l f a t e  s o lu t io n  to  g iv e  a 7% re s o lv in g  g e l  s o lu t i o n .  T his s o lu t io n  
was poured  e i t h e r  in to  10 cm tu b es  o r 8x8 cm s la b s .
T y p ic a l ly ,  20 -30  ug o f  a p r o te in  sam ple was la y e re d  o n to  th e
p o ly m erized  g e ls  in  20% su c ro se  and 0.002% brom ophenol b lu e  s o lu t io n .
The system  was e le c tro p h o re s e d  a t  200 V o lts  (LKB 2310 power supp ly )
F o llo w in g  e le c t r o p h o r e s i s ,  th e  g e ls  were f ix e d  in  a s o lu t io n  o f 30% 
iso p ro p y l  a lc o h o l  and 10% a c e t ic  a c id  f o r  an  hour a t  room te m p e ra tu re . 
The f ix e d  g e l s  w ere then  s ta in e d  w ith  a 0.01% Coom assie b lu e  s o lu t io n  in
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F ig u re  6 . R e s o lu tio n  o f th e  poo led  G-150 PNPPase f r a c t i o n s  by 
DEAE-Sephacel an io n -ex ch an g e  chrom atography. C hrom atographic p ro ce d u re s  
w ere as d e s c r ib e d  under M a te r ia ls  and M ethods- A ssays w ere p reform ed  as 
o u t l in e d  in  f ig u r e  9 .
F ra c t io n s  57-67 and 68-87 were poo led  s e p a ra te ly  and term ed Peak I  and 
Peak I I  r e s p e c t i v e ly .  The p r o f i l e  shown i s  r e p r e s e n ta t iv e  o f  17 
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10% iso p ro p y l  a lc o h o l  and 10% a c e t ic  a c id  o v e rn ig h t a t  room te m p e ra tu re . 
The s ta in e d  g e l s  w ere d e s ta in e d  in  5% e th a n o l and 10% a c e t i c  a c id  
s o lu t io n  in  th e  p re se n c e  o f  a 15 cm p ie c e  o f undyed wool ( to  a b so rb  the  
dye) u n t i l  th e  s ta in e d  p r o te in  bands w ere v i s i b l e .
2 .3
ZINC AFFINITY COLUMN CHROMATOGRAPHY
Peak I  and Peak I I  w ere in d iv id u a l ly  s u b je c te d  to  z in c  a f f i n ty
chrom atography as d e s c r ib e d  by K o r le in  e t  a l . , (1 9 8 2 ) . A 5 ml bed volume
of im in o d ia c e tic  a c id  a g a ro se  g e l was used . The g e l  was c o n v e rte d  to
the Z n ^ ^ -c h e la te d  form  acco rd in g  to  th e  m ethod o f  K ureck i e t  a l . ,
(1 9 7 9 ). T h is  was a c h e iv e d  by e q u i l ib r a t in g  th e  column w ith  aqueous ZnCl^
(3 m g/m l, a d ju s te d  to  pH 6 .0  w ith  H C l). A t l e a s t  10 bed volum es o f  ZnCl^
must p a ss  th ro u g h  th e  column b e fo re  th e  e lu a n t  has a  pH around 6 . The 
2+p re se n c e  of th e  Zn io n  i s  in d ic a te d  by means o f  ZnCO^ p r e c i p i t a t i o n  in  
a NagCOg s o lu t io n .  The column was th en  e q u i l ib r a te d  in  20 mM T r is  HCl 
pH 7 .5 ,  and 150 mM NaCl (B u ffe r  C ). The column was w ashed w ith  B u ffe r  C 
and e lu te d  s te p  w ise ; f i r s t  w ith  B u ffe r  C c o n ta in in g  20 mM h i s t i d i n e  and 
th en  w ith  B u ffe r  C c o n ta in in g  60 mM h i s t i d i n e .  The f i n a l  e lu t io n  b u f fe r  
c o n ta in e d  50 mM EDTA, pH 7 .0 ,  in  0 .5  M NaCl in  o rd e r  to  remove th e  bound 
2n^* from th e  column and thus r e l e a s e  any rem a in in g  t i g h t l y  bound 
p r o t e i n s .  75 drop f r a c t i o n s  were c o l le c te d  by a  FC-80 G ilso n  f r a c t i o n  




A ssays fo r  PNPPase a c t i v i t y  w ere perfo rm ed  a t  37 °C f o r  15 min 
e s s e n t i a l l y  as d e s c r ib e d  by L i and Chan (1 9 8 1 ), e x c ep t th a t  th e  b u f fe r  
used was 80 mM T ris -E C l pH 7 .4 .  T h is  a s sa y  m ethod makes u se  of an 
a r t i f i c i a l  s u b s t r a te ,  p -n itro p h e n y lp h o s p h a te , w hich i s  dephosphory la ted  
by th e  p h o sp h a ta se s  i s o l a t e d .  The d eg ree  o f h y d r o ly s is  o f th e  s u b s tr a te  
i s  d e te rm in ed  p h o to m e te r ic a l ly  by m easu ring  th e  amount of 
p -n itro p h e n o x id e  l ib e r a t e d  in  th e  r e a c t io n  (F ig u re  7 ) .  p -n itro p h e n o x id e  
ion a b so rb s  s tro n g ly  a t  405 nm under a lk a l in e  c o n d i t io n s .  The r e a c t io n  
m ix tu re  (500 u l )  t y p i c a l l y  c o n s is t s  o f  80 mM T ris -H C l, pH 7 .4  b u f fe r ,  
40 mM MgCl^, 1 mM DTT, 15-30 ug o f p r o te in  and th e  r e a c t io n  was 
i n i t i a t e d  by th e  a d d i t io n  o f  20 mM PNPP. The r e a c t io n  was stopped  a f t e r  
15 min by th e  a d d it io n  o f  (500 u l )  0 .1  M EDTA-Tris, pH 8 .5 .  Pl^PPase 
a c t i v i t y  was observed  to  be d i r e c t l y  p r o p o r t io n a l  to  tim e of in c u b a tio n  
under th e s e  c o n d i t io n s .  The m olar a b s o r p t iv i ty  f o r  p -n itro p h e n o x id e  
an io n  i s  1 .75  x  10^ M~  ^ cm~^. One u n i t  o f  PNPPase a c t i v i t y  i s  d e fin e d  as 
th a t  amount o f enzyme w hich h y d ro ly z e s  1 nmol o f  PNPP min  ^ a t  37 °C.
In  an a tte m p t to  d e te rm in e  th e  o f  th e  Peak I  enzymes fo r  the
s u b s t r a te  PNPP, th e  r e a c t io n  m ix tu re  (500 u l s )  c o n ta in e d  e i t h e r  Kg^^ o r
2+ io n s ,  a long  w ith  v a ry in g  amounts o f  PNPP ran g in g  from 0.05 to  
25 mM.
I t  sh o u ld  be n o ted  t h a t  10-15 u l  o f th e  DEAE-Sephacel Peak I  o r Peak 
I I  f r a c t i o n s  w ere used w ith o u t f u r t h e r  d i a l y s i s  in  th e  assay s  d e s c r ib e d .
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Fig u re  7 : R e a c tio n  c a ta ly s e d  by p -n itro p h e n y l  phospho tase  u sin g  PNPP
a s  a  s u b s t r a t e .
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T h e re fo re , th e  a ssa y s  c o n ta in e d  an  a d d i t io n a l  24 and 32 nil NaCl i f  Peak 
I  o r  Peak I I  was used as  th e  p r o te in  s o u rc e , r e s p e c t iv e ly .
2 .5
TRYPSINOLYSIS
20 ug o f  enzyme was p re in c u b a te d  i n  ic e  fo r  15 min w ith  v a ry in g  
amounts o f t ry p s in  as  in d ic a te d  i n  th e  f ig u r e  legends in  a medium 
(350 u l )  c o n s is t in g  o f  80 mK T r is -H C l, pH 7 .5 .  The r e a c t io n  was stopped  
by th e  a d d it io n  o f t h r e e - f o ld  e x cess  o f soybean t ry p s in  i n h ib i to r  and by 
d i lu t in g  th e  p re in c u b a tio n  m ix tu re  such t h a t  th e  f i n a l  m ix tu re  c o n ta in e d  
th e  com plete PNPPase a ssa y  medium. The PNPPase a ssa y  was th en  c a r r ie d  
o u t as d e sc r ib e d  above.
The e f f e c t  o f  c a t io n s  on t r y p s i n o ly s i s  was s tu d ie d  by in c lu d in g  the
2+ 2+  a p p ro p r ia te  c a t io n ,  e i t h e r  40 mM Mg o r  250 uM Mn , i n  the
p re in c u b a tio n  r e a c t io n  m ix tu re  . The e f f e c t  o f 1 mM DTT and 20 mM PNPP
was c a r r ie d  ou t s im i la r ly .
2.6
EFFECT OF A SULFHYDRYl GROUP MODIFYING REAGENT
N -ethylm aleim ide (NEM) i s  an i r r e v e r s i b l e  s u lfh y d ry l s p e c i f ic  group 
re a g e n t  (F ig u re  8 ) .  20 ug of th e  enzyme was p re in c u b a te d  f o r  15 m in on
32
H i^ u re  8 S t ru c tu re  o f  K -e th y l m aleaim ide  (NEM).
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ic e  in  a medium (350 u l )  c o n s is t in g  o f  80 mM T ris -H C l, pH 7 .5 ,  p lu s  th e  
in d ic a te d  amount o f NEK. Follow ing  th e  p re in c u b a tio n  p e r io d  th e  
r e a c t io n  was quenched by DTT. The p re in c u b a tio n  r e a c t io n  m ix tu re  was 
f u r th e r  d i lu te d  so t h a t  th e  f i n a l  m ix tu re  c o n ta in ed  th e  com plete PNPPase 
a ssa y  medium (500 u l ) . The e f f e c t  o f e i t h e r  40 mM 250 uM Mn^^, o r
20 mM PNPP was de te rm in ed  by adding  th e s e  in  th e  p re in c u b a tio n  r e a c t io n  
m ix tu re .
2 .7
HEAT INACTIVATION STUDIES
19- 20 ug o f  p r o te in  in  a  medium (100 u l)  c o n ta in in g  80 mM T r i s -  HCl, 
pH 7 .5 ,  was p re in c u b a te d  f o r  10 m in a t  d i f f e r e n t  te m p e ra tu re s  as  
d e sc r ib e d  in  th e  f ig u r e  le g e n d s . Follow ing  th e  10 m in p re in c u b a t io n , 
th e  r e a c t io n  was s to p p ed  by p la c in g  i t  on ic e  and then  by d i lu t i n g  th e  
p re  in cu b â t io n  r e a c t io n  medium to  500 u l  such t h a t  th e  d i lu te d  m ix tu re  
c o n ta in ed  th e  com plete  PNPPase a ssa y  medium. The e f f e c t s  o f e i t h e r  
40 mM Mg^ '*’, 250 uM Mn^^, 1 mM DTT, o r  20 mM PNPP w ere d e te rm ined  by 
in c u b a tin g  th e s e  l ig a n d s  a lo n g  w ith  th e  p r o te in  in  th e  p re in c u b a tio n  




P r o te in  c o n c e n tra tio n  was de te rm in ed  by th e  B rad fo rd  method 
(B ra d fo rd , M., 1976) u s in g  c r y s t a l l i n e  bov in e  serum album in  a s  a
s ta n d a r d .
2 .9
PHOSPHOTYROSYL AND PHOSPHOSERYL PHOSPHATASE ASSAY
P h o sp h o ty ro sy l and phosphosery l p h o sp h a ta se  a c t i v i t y  were determ ined  
a s  d e s c r ib e d  by L an z e tta  e t a l . , ( 1 9 7 9 ) .  T h is a ssa y  c o lo r im e tr i c a l ly  
d e te rm in e s  nanom olar amounts o f  in o rg a n ic  P i  l ib e r a te d  by th e  a c t io n  of 
p h o sp h a ta se  on p h o sp h o ry la ted  s u b s t r a t e s .
A ty p i c a l  r e a c t io n  m ix tu re  c o n ta in e d  80 mM T ris-H C l , 20 mM MgCl^, 
1 mM DTT, 10 mM L -p h o sp h o ty ro s in e / L- p h o sp h o se r in e , and abou t 4 ug o f 
p r o t e i n .  These were incu b a ted  fo r  15 m in a t  37 °C . 4 ug o f p r o te in  was 
found  to  be op tim al fo r  the  a s s a y . 15 m in in c u b a tio n  tim e was determ ined  
to  be in  th e  l in e a r  reg io n  o f  time c o u rse  s tu d ie s  and t h i s  le n g th  o f 
in c u b a t io n  p e rio d  was used  fo r  a l l  subsequen t p h o sp h o ty ro s in e  
p h o sp h a ta se  a s s a y s . The r e a c t io n  was s topped  by th e  a d d i t io n  0 .5  ml of 
O.IM EDTA-Tris pH 8 .5 .  A 200 u l  a l iq u o t  was th e n  t r a n s f e r r e d  to  an o th e r 
t e s t  tu b e  to  which 800 u l  o f  re a g e n t c o n ta in in g  4.2% m a la c h ite  green 
(MG), .045% ammonium m olybdate (AM), 2% T r ito n  X-100 (T) was added . (The 
re a g e n t  c o n s is t s  o f a 3 :1  m ix tu re  o f MS and AM, p lu s  100 u l  o f  T fo r
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each  5 ml o f MG/ AM s o lu t io n  (MG/AM/T)). A f te r  1 m in, 100 u l  o f  34% 
sodium c i t r a t e  was added and m ixed. T h is s o lu t io n  was re a d  a t  660 nm 
a f t e r  a llo w in g  th e  c o lo r  to  dev e lo p  f o r  30 m in . The re a g e n t  was 
p re p a re d  a s  d e s c r ib e d  by L a n z e tta  e t  a l . ,  (1 9 7 9 ), e x c ep t th a t  2% T r ito n  
X-100 was used in s te a d  o f  th e  d e te r g e n t  s te r o x .  KE^PO^ was u sed  as a 
s ta n d a r d .  The amount o f  phosphate  th a t  was re le a s e d  was d e te rm in ed  from 
a s ta n d a rd  c u rv e . The s p e c i f i c  a c t i v i t y  o f  p h o sp h o ty ro s in e  and 
p h o sp h o se rin e  p h o sp h a ta se s  was d e f in e d  as  nmoles o f P i  r e le a s e d  m in  ^ mg 
of p r o te in ”  ^ a t  37 °C .
In  o rd e r  to  e lu c id a te  th e  K o f  th e  Peak I  f r a c t i o n  f o r  the  s u b s t r a te
2+p h o s p h o ty ro s in e , th e  above m entioned  r e a c t io n  m ix tu re  c o n ta in e d  Mg 
io n s  a lo n g  w ith  v a ry in g  amounts o f  th e  s u b s t r a te .
2+The e f f e c t s  o f  p o t e n t i a l  i n h ib i to r s  o f th e  Peak I  Mg -d ep en d en t 
p h o sp h o ty ro sy l p h o sp h a ta se  were d e te rm in ed  by add ing  th e  i n h ib i to r  in  
th e  r e a c t io n  m ix tu re . A ssays were perform ed as d e s c r ib e d  above w ith o u t 
p r e in c u b a t io n .
C hap ter I I I  
RESULTS
3 .1
CHARACTERIZATION OF CRUDE PNPPASE ACTIVITY
The postm icrosom al f r a c t i o n  from  hom ogenates o f  EAT c e l l s  p o sse s s
M g^^-dependent PNPPase a c t i v i t y  as shown in  F ig u re  9 .  Maximal a c t i v i t y
was o b ta in e d  in  th e  p re se n c e  o f  40 mM MgCl^, w h ile  h a l f  maximal a c t i v i t y
2+was a ffo rd e d  by abou t 9 mM Mg and no a c t i v i t y  was obse rved  i n  th e
ab sen ce  of c a t io n .  Ca^*, Ni^* o r Zn^ "*" d id  n o t s u b s t i tu t e  f o r  Mg^^, bu t
Mn^^ d id  s u b s t i tu t e  f o r  Mg^^. About 250 uM Mn^^ gave maximal a c t i v i t y .
H igh c o n c e n tra tio n s  o f  Mn^^ proved  in h ib i to r y  to  th e  enzyme a c t i v i t y
(F ig u re  1 0 ) . PNPPase a c t i v i t y  when m easured  a t  pH 7 .5  i n  th e  p rese n c e
2+o f  o p tim al 250 uM Mn i s  about two f o ld  h ig h e r  th an  th e  a c t i v i t y
2+m easured  in  th e  p re se n c e  o f o p tim al 40 mM Mg . 1  mM DTT s t im u la te s  the  
c ru d e  PNPPase a c t i v i t y .
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F ig u re  9 . The M g^^-dependence o f PNPPase. A ssays were perform ed as  
d e s c r ib e d  u n d e r M a te r ia ls  and Methods in  a  medium c o n s is t in g  o f  80 mM 
T ris -H C l, pH 7 .5 ,  20 mil PNPP, 1 mM DTT, p lu s  th e  in d ic a te d  MgCl^. The 
d a ta  shown i s  r e p r e s e n ta t iv e  o f th re e  s e p a ra te  experim en ts  and a re  th e  
av e ra g e s  o f  a d u p l ic a te  d e te rm in a tio n s  fo r  each  ex p e rim en t. D u p lic a te s  
w i th in  each  experim en t were w ith in  2 %.








F ig u re  10 The M n^^-dependence of c ru d e  PNPPase. A ssays w ere perfo rm ed  as 
in  F ig u re  7 , ex cep t th a t  Kg '^*’ has been s u b s t i tu t e d  f o r  by th e  in d ic a te d  
c o n c e n tra t io n  o f  Kn '^*’.  The d a ta  shown i s  r e p r e s e n ta t i v e  o f  th re e  
s e p a ra te  ex p e rim e n ts . D ata shown a re  th e  a v e ra g e s  o f  a d u p l ic a te  
d e te rm in a tio n s  f o r  each  e x p e rim e n t. D u p lic a te s  in  each  experim en t were 













ISOLATION OF TWO Mg— DEPENDENT PNPPASE ACTIVITIES
Crude PNPPase (ab o u t 19,300 u n i ts )  was c o n c e n tra te d  and th e n  
f r a c t i o n a te d  o v e r a Sephadex G-150 column a s  d e s c r ib e d  under M a te r ia ls  
and M ethods. The e lu t io n  p r o f i l e  i s  shown in  F ig u re  5 .  The e lu te d  
f r a c t i o n s  were a ssa y e d  f o r  PNPPase a c t i v i t y  as d e s c r ib e d  under M a te r ia ls  
and M ethods. F r a c t io n s  w ith  PNPPase a c t i v i t y  were seen  to  e lu t e  a t th e  
t r a i l i n g  edge o f  th e  m ajor p r o te in  peak; i . e . ,  f r a c t i o n s  #  7 4 - 97 in  
F ig u re  5 . For an e s t im a tio n  o f  PNPPase m o le c u la r  w e ig h t, th e  column was 
c a l ib r a t e d  w ith  bovine th y ro g lo b u lin  (Mr 670 ,000) ( T ) ,  bovine Y-
g lo b u l in  (Mr 158 ,000) (G ) , ch icken  ovalbum in (Mr 44 ,0 0 0 ) (O ), h o rse  
m yog lobu lin  (Mr 17,000) (M) and v ita m in  B-12 (Mr 1350) ( B ) . I t  was 
found t h a t  the  PNPPase a c t iv e  f r a c t io n s  e lu t e  in  th e  MW ran g e  o f 15 ,0 0 0 - 
30 ,000  Da. The r e c o n s t i t u t i o n  o f the  poo led  f r a c t i o n s  ' a ' ,  ' h '  or ' à '  
w ith  th e  po o led  f r a c t i o n  ' c '  (F ig u re  5) d id  n o t r e s u l t  in  any 
s t im u la t io n  o f th e  observed  a c t i v i t y .  Hence, th e  poo led  f r a c t i o n  ' c ' , 
t h a t  c o n ta in e d  maximum a c t i v i t y ,  was used in  the  a n io n  exchange column 
chrom atography s te p  u s in g  DEAE-Sephacel.
T h is  f r a c t i o n  was po o led , c o n c e n tra te d , and e q u i l ib r a te d  in  B u ffe r  B, 
and f u r t h e r  p u r i f i e d  by DEAE -  Sephacel a n io n  exchange chrom atography 
(F ig u re  6 ) .  Most of th e  p r o te in  was bound to  th e  column and d id  no t wash 
o u t o f  th e  r e s i n  a f t e r  p a ss in g  s e v e ra l  column volumes o f  B u ffe r  B 
th ro u g h  th e  colum n. Bound p r o te in  was e lu te d  from  th e  column w ith  a 
l i n e a r  g r a d ie n t  o f NaCl betw een 50 and 300 mM i n  B u ffe r  B. The two
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p r o te in  peaks showing PNPPase a c t i v i t y  were re so lv e d  from one a n o th e r
and e lu te d  a t  120 mM and 160 mM s a l t  c o n c e n tra t io n , r e s p e c t iv e ly .  The
r e s u l t s  a r e  summarized in  T ab le  I .  Peak I  (poo led  f r a c t i o n s  57-67) had
an  av e ra g e  s p e c i f i c  a c t i v i t y  o f  8 5 .4  nm oles PNPP h y d ro ly zed  min ^ mg
p r o te in  ^ , w hich r e p r e s e n ts  a  3 .8 - f o ld  p u r i f i c a t i o n  over th e  crude
p ostm icrosom al s u p e rn a ta n t  f r a c t i o n  and an 8.8% y ie ld  o v e r a l l .  Peak I I
(poo led  f r a c t i o n s  68-87) had an  a v e ra g e  s p e c i f ic  a c t i v i t y  o f  only  17
nmol PNPP h y d ro ly zed  min~^ mg p r o te in ” ^ w ith  7.3% y i e l d .  N e ith e r
r e v e r s in g  th e  o rd e r  o f th e  ch ro m ato g rah ic  s te p s  n o r u sin g  DEAE-Sephacel
an ion  exchange chrom atograhy  a lo n e  was e f f e c t iv e  in  in c re a s in g  PNPPase
rec o v e ry  o r  p u r i f i c a t i o n .
F ig u re  11 shows th a t  th e  Peak I  and Peak I I  PNPPase f r a c t i o n s  a re  by
no means p u re  a t  t h i s  s ta g e  o f r e s o l u t i o n .  N e v e r th e le s s , th e  Peak I  and
Peak I I  PNPPases were used  f o r  f u r t h e r  c h a r a c te r iz a t io n .
F o llow ing  DEAE an io n  exchange chrom atography , H o rle in  e t  a l . ,  (1982)
s u b je c te d  t h e i r  f i r s t  EAT c e l l  f r a c t i o n  o f p h o sp h o ty ro sy l p r o te in
2+p h o sp h a tase  a c t i v i t y  to  a Zn - c h e la te d  im in o d ia c e tic  a c id -a g a ro s e
column chrom atography s t e p .  They found t h a t  e s s e n t i a l l y  a l l  o f t h e i r
ph o sp h a tase  a c t i v i t y  was bound to  th e  column and cou ld  be e lu te d  w ith
20 mM h i s t i d i n e .  Under i d e n t i c a l  c o n d it io n s  EAT c e l l  Peak I  PNPPase was
bound to  and cou ld  be e lu te d  from  a  Z n ^ ^ -c h e la te d  column w ith  20 mM
h i s t i d i n e .  The s p e c i f ic  a c t i v i t y  o f  th e  pooled  f r a c t i o n s  was 129 nmol
PNPP h y d ro ly z e d  min~^ mg p r o te in  ^ , which r e p r e s e n ts  a  5 .8 - fo ld
p u r i f i c a t i o n  over th e  c rude  postm icrosom al s u p e rn a ta n t (F ig u re  1 2 ) . On
2+th e  o th e r  hand. Peak I I  PNPPase d id  n o t b in d  to  th e  Zn column and th e
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F ig u re  11
A D en sito m ete r scan  o f  C o o m a ss ie -s ta in e d , 7% n a t iv e  p o ly ac ry la m id e  g e l 
o f  Peak I  and I I  p r o te in  f r a c t i o n s  o f f  th e  DEAE-Sephacel chrom atography 
s te p .
A = Peak I ,  B = Peak I I .
to p  in d ic a te s  th e  top  o f  th e  g e l  and bottom  in d ic a te s  th e  bo ttom  o f  th e  




b o tto m
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pooled  Peak I I  a c t i v i t y  w hich passed  th ro u g h  the column had a  S p e c if ic  
a c t i v i t y  o f  about 95 nmol PNPP hyd ro lyzed  min_j^ mg p r o te in " ^ ,  w hich 
r e p r e s e n ts  4 .3 - f o ld  p u r i f i c a t i o n  (F ig u re  1 3 ) . U n fo r tu n a te ly , b o th  Peak 
I  and Peak I I  o b ta in e d  by t h i s  chrom atograph ic  p ro ced u re  were ex trem ely  
l a b i l e  and cou ld  n o t  be used  f o r  f u r th e r  c h a r a c te r iz a t i o n .  In  t h i s  
r e g a rd ,  i t  was o b se rv e d  t h a t  th e  enzyme a c t i v i t i e s  p o ssesse d  a h a l f - l i f e  
o f on ly  24 hours when s to ra g e  was a tte m p te d  a t  -80  °C . O ther s to ra g e  
te m p e ra tu re s  t e s t e d  f o r  p o s s ib le  s t a b i l i z a t i o n  o f a c t i v i t y  w ere -2 0  °C, 
4 °C , and room te m p e ra tu re  (22  °C ) . None o f  th e se  s to ra g e  c o n d it io n s  
w ere a s  e f f e c t i v e  a t  s t a b i l i z i n g  PNPPase a s  th e  —80 °C te m p e ra tu re . 
Hence, th e  Peak I  and Peak I I  f r a c t i o n s  o b ta in e d  from  an  a n io n  exchange 
column w ere used f o r  f u r th e r  c h a r a c te r iz a t i o n .
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T able I
SUMMARY OF THE RESOLUTION OF TWO EAT CELL PNPPASE ACTIVITIES
F ra c t io n s  P r o te in  
(mg)
PIvPPase
( u n i t s )
S p e c if ic
a c t i v i t y




p u r i f i c a t i o n .
17 ,000  855 19,300 22 .6 100 1
s u p e rn a te n t
Sephadex 180 3 ,200 18 .6 17 0.81
G-150
DEAE-sephacel 19.8 1,690 8 5 .4 8 .8 3 .8
Peak I
DEAE-sephacel 82.7 1 ,410 1 7 .0 7 .3 0 .75
Peak I I
F o o tn o te : T h is  summary i s  r e p r e s e n ta t i v e  o f 17 s e p a r a te  
chrom atography ru n s . The r e s u l t s  f o r  ch rom atograph ic  ru n s 
were w ith in  10-15%.
4 8
F ig u re  12 Peak I  : Z n ^ * -ch e la te d  im in o d ia c e tic  a c id  ag a ro se
ch rom atography :
E lu tio n  p r o f i l e  o f  EAT c e l l  Peak I  PKPPase . A rrow s A and B in d ic a te  
e lu t io n  o f  th e  column w ith  20 mil h i s t i d i n e  and 60 mil h i s t i d in e  
r e s p e c t iv e ly .  The chrom atograph ic  p ro ced u re  and th e  a s sa y  o f  e lu te d  
f r a c t i o n s  fo r  PNPPase were perform ed as d e s c r ib e d  under M a te r ia ls  and 
M ethods. The p r o f i l e  shown i s  r e p r e s e n ta t i v e  o f two s e p a ra te  
ch rom atog raph ic  ru n s  u s in g  two p r e p a ra tio n s  o f Peak  I  PNPPase a c t i v i t y  
o f f  th e  DEAE-Sephacel s te p .
UNITS/ML (■ )
o'
3  O .




2+F ig u re  13 Peak I I  : Zn - c h e la te d  im in o d ia c e tic  a c id  agarose
chrom atography :
E lu tio n  p r o f i l e  o f  EAT c e l l s  Peak I I  PNPPase . Arrows A and B in d ic a te
e lu t io n  o f th e  column w ith  20 mM h i s t i d i n e  and 60 mM h i s t i d in e
r e s p e c t i v e ly .  The ch rom atog raph ic  p ro ce d u re  and th e  a s sa y  o f th e  e lu te d  
f r a c t i o n s  f o r  PNPPase were perfo rm ed  as  d e s c r ib e d  under M a te r ia ls  and 
M ethods. The p r o f i l e  shown i s  r e p r e s e n ta t i v e  o f two s e p a ra te
ch ro m ato g rap h ic  runs u s in g  two p r e p a r a t io n s  o f  Peak I I  PNPPase a c t iv i t y  














CATION AND SÜLFHYDRYL GROUP REQUIREMENTS
2+Peak I  and Peak I I  e x h ib i te d  s im i la r  d ep en d en c ies  fo r  Mg as  was
ob se rv ed  f o r  th e  c ru d e  postm icrosom al s u p e rn a ta n t  (F ig u re  9 ) .  40 mM
Ca^^, Co^*, and Zn^* do no t s u b s t i tu te  f o r  40 mîî Mg^^. Mn^^ a t  40 mM
com ple te ly  i n h i b i t s  Peak I  and Peak I I  Mg ^ ''’—dependent PNPPases.
However, low c o n c e n tra t io n s  o f Mn^^ (250 uM) can s u b s t i tu t e  f o r  Mg^^,
f o r  b o th  th e  Peak I  and th e  Peak I I  PN PPases. These r e s u l t s  a r e  th e  same
as  t h a t  observed  w ith  th e  crude postm icrosom al s u p e rn a ta n t (F ig u re  1 0 ) .
The Kn '^*’/  Mg^^ s t im u la t io n  r a t i o  ran g es  from  th r e e  to  f iv e  f o r  Peak I
and from  two to  s ix  f o r  Peak I I ,  d ep en d in g  upon th e  age o f th e
p r e p a r a t io n s .  The Peak I I  PNPPase i s  more l a b i l e  w ith  tim e of s to ra g e
th a n  th e  Peak I  enzyme.
These r e s u l t s  d i f f e r  c o n s id e rab ly  from  th o s e  of C a th a la  e t  a l  (1975)
who found th a t  th e  bovine k idney PNPPase was e q u a lly  s tim u la te d  by
s a tu r a t i n g  c o n c e n tra t io n s  of Kg^^ and Mn^* a t  pE 8 .5 .  L i & Chan (1981)
re p o r te d  th a t  PNPPase a c t i v i t i e s  from s e v e r a l  t i s s u e  s o u rc e s , in c lu d in g
bovine b r a in ,  h e a r t ,  s p le e n , u te r u s ,  and k id n e y , r a b b i t  l i v e r  and
2+m u sc le , and l o b s t e r  m uscle  m easured in  th e  p re se n c e  o f  s a tu r a t in g  Mg ,
a r e  t h r e e -  to  s ix - f o ld  h ig h e r  than  th o se  m easured  i n  th e  p resen ce  o f
s a tu r a t i n g  a t  pE 8 .5 .  Pato  e t  a l  (1983) have i s o la te d  a
M g^^-dependent p h o sp h a ta se  from tu rk ey  g iz z a rd  smooth m uscle w hich was
2+ 2+s t im u la te d  f iv e - f o l d  more in  th e  p re se n c e  o f  Mg th a n  by Mn
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Though th e  40 mM Mg^ '*’. needed f o r  th e  a c t i v a t i o n  o f th e  peak  I  and
Peak I I  PNPPase i s  much h ig h e r  th an  th e  p h y s io lo g ic a l  Mg^’*’ c o n c e n tra t io n
(ab o u t 1 mM), t h i s  la r g e  Mg^^ req u irem e n t (u p to  100 mM) has been
observed  w ith  many a lk a l in e  p h o sp h a ta ses  (L i & Chan, 1981). However, in
t h i s  c a s e ,  i . e . ,  th e  Peak I  and Peak I I  PNPPases from  th e  postm icrosom al
2+f r a c t i o n  o f EAT c e l l  hom ogenates, th e  h ig h  Mg ion  c o n c e n tra t io n
re q u ire m e n t co u ld  c o n ce iv ab ly  a r i s e  from  th e  p o s s ib le  co n ta m in a tio n  of
th e  Peak I  and Peak I I  p r e p a ra t io n s  by t r a n s f e r  r ib o n u c le ic  a c id s
(tRN A s). The tRNAs w ith  t h e i r  h ig h ly  n e g a t iv e  pho sp h a te  backbone could
2+presum ably  a c t  as a s in k  f o r  th e  added Mg io n s .
F u rth e rm o re , a s  seen  w ith  crude  PNPPase, b o th  Peak I  and Peak I I  
PNPPases a re  s t im u la te d  by the  s u lfh y d ry l  compound DTT.
3 .4
pH PROFILE
S ince  PNPP i s  a w e l l  known s u b s t r a te  f o r  b o th  a c id  and a lk a l in e  
p h o sp h a ta se s , i t  was i n t e r e s t i n g  to  d e te rm in e  th e  pH optimum fo r  both  
Peak I  and Peak I I  PNPPases. In  F ig u re  14 i t  can be seen t h a t  th e  pH 
optim a f o r  M g^'^-dependent Peak I  and Peak I I  PNPPases d i f f e r .  The Peak I  
enzyme has  o p tim a l a c t i v i t y  in  a narrow  range  c e n te re d  a t  ab o u t pH 7 .5  
in  b o th  th e  im idazole-H C l and th e  T ris-H C l b u f f e r  system s, w h ile  the  
l e s s  a c t i v e  Peak I I  enzyme e x h ib i t s  a  much b ro a d e r  range o f  op tim al 
a c t i v i t y  w ith  e s s e n t i a l l y  eq u a l r a t e s  b e in g  o b se rv ed  betw een pH 7 .5  and 
pH 9 .5  in  th e  T ris-H C l b u f f e r  sy stem . Peak I  PNPPase has v i r t u a l l y  the
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2+F ig u re  14 pH optim a fo r  Kg -d ependen t Peak I  and Peak I I  PNPPase 
a c t i v i t i e s .  A ssays o f  20 ug p r o te in  a l iq u o ts  o f  th e  Peak I  ( O , # )  and 
Peak I I  ( □ ,■ )  f r a c t io n s  f o r  PNPPase were perfo rm ed  a s  d e s c r ib e d  in  
M a te r ia ls  and Methods a t  the  in d ic a te d  pH in  an  a ssa y  medium (500 u l )  
c o n s is t in g  o f e i t h e r  80 mM T r is  -  HCl (0>O) o r  80 mM Im idazole-H C l ( # , l  
) ,  and a ls o  40 mM MgCl_ 1 mM DTT, and 20 mM PNPP. The d a ta  shown i s  
r e p r e s e n ta t i v e  o f  th re e  s e p a ra te  experim en ts  f o r  each  b u f f e r  system  and 
a r e  th e  a v e ra g e s  o f a d u p l ic a te  d e te rm in a tio n s  fo r  each  e x p e rim en t. 





















same o p tim a l pH w hether o r  io n s  w ere used  a s  a s t im u la tin g
c a t io n  ( d a ta  n o t show n). The Peak I I  Mg^^- and M n^^-dependent PNPPases 
w ere n o t com pared. The b ro a d e r  pH range f o r  Peak I I  PNPPase could  very  
w e ll  be d u e , in  p a r t ,  to  i t s  c o n ta m in a tio n  w ith  Peak I  PNPPase. This 
c o n c lu s io n  i s  suppo rted  by th e  o b s e rv a tio n  in  F ig u re  13 th a t  Peak I I  
when lo ad e d  onto a Z n -c h e la te d  column had a p r o te in  f r a c t i o n  w ith  
PNPPase a c t i v i t y  w hich e lu te d  under i d e n t i c a l  c o n d it io n s  th a t  e lu te  a 
b o n a fid e  Peak I  f r a c t i o n .
3 .5
Km OF PNPP FOR PEAK I  PNPPASE
The o f  th e  n o n -p ro te in  e s t e r ,  PNPP, was de te rm ined  in  th e  p resen ce
o f  e i t h e r  Ng^^ o r  Kn^^ io n s  f o r  th e  Peak I  f r a c t i o n .  In  th re e
2+e x p e r im e n ts , done in  th e  p re se n c e  o f Kg io n s ,  K^ v a lu e s  of 0 .8 9 , 0 .6 1 ,
and 0 .76 mM (F ig u re  15) and v a lu e s  o f 9 1 , 104, and 58 nm oles o f
PNPP h y d ro ly z e d  min~^ mg of p r o te in  were o b ta in e d  r e s p e c t iv e ly .  For
an  a d d i t io n a l  experim ent a v a r i a n t  s e t  o f  r e s u l t s  was o b ta in e d . In  t h i s
2+l a t t e r  c a s e ,  th e  K^ in  th e  p re se n c e  o f Kg was 1 .16  mM and the  was
34 nm oles o f PNPP h y d ro lyzed  m in  ^ mg o f p r o te in  ^ .
S im i la r ly ,  in  th re e  e x p e rim e n ts , th e  K^ and w ere determ ined  in
th e  p re se n c e  o f  Mn^^ io n s . The K^ v a lu e s  o b ta in e d  in  t h i s  case  were 
0 .1 2 , 0 .1 0 3 , and 0.09 mM (F ig u re  1 6 ) , w ith  a  of 307, 238, and 352
nm oles o f  PNPP h y ro ly zed  min” ^ mg of p r o te in  ^ , r e s p e c t iv e ly .  For an 
a d d i t io n a l  experim ent a v a r i a n t  s e t  o f  r e s u l t s  was o b ta in e d . In  t h i s
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F ig u re  15
2 +S a tu ra t io n  p l o t  o f th e  Peak I  Kg -d ep en d en t PNPPase a c t i v i t y  a s  a 
fu n c t io n  o f  th e  in d ic a te d  s u b s t r a te  (PNPP) c o n c e n t r a t io n .  In  t h i s  
f ig u r e  ' S '  r e p r e s e n t s  th e  s u b s t r a te  c o n c e n tra t io n  in  mM, w hereas 'V ' 
r e p r e s e n ts  th e  v e lo c i ty  o f  th e  r e a c t io n  in  nm oles o f PNPP h y d ro ly zed  
min  ^ mg o f  p r o te in " ^ .  The in s e t  i s  a doub le  r e c ip r o c a l  p lo t  o f th e  
same d a ta  w hich  i s  r e p r e s e n ta t i v e  o f 4 s e p a ra te  e x p e rim e n ts . D u p lic a te s  
in  each experim en t w ere w i th in  3%. The d a ta  shown a re  th e  a v e ra g e s  o f a 









2+l a t t e r  c a s e , th e  in  th e  p re se n c e  o f  Mn was 1 .05  mM and th e  was
77 nmoles o f  PNPP h y d ro ly zed  m in  ^ mg o f p r o te in
I t  shou ld  be n o te d  t h a t  th e  V o f  91 and 104 o b ta in e d  fo rmax
M g^^-dependent PNPPases and th e  307 , 238 , and 352 v a lu e s  o b ta in e d  f o r  
th e  M n^^-dependent PNPPases a re  v e ry  s im i la r  t o  th e  s p e c i f ic  a c i t v i t y  
v a lu e s  o b ta in e d  r o u t in e ly  f o r  th e se  PNPPases. However, th e re  does e x i s t  
a  v a r i a t i o n  in  th e  v a lu e s  m easured w hich co n ce iv ab ly  could  a r i s e  from 
th e  d i f f e r e n c e s  in  th e  d i f f e r e n t  p r e p a r a t io n s  o f  the  PNPPases and / o r  
th e  age of a p a r t i c u l a r  p r o te in  sam ple .
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F ig u re  16
S a tu ra t io n  p lo t  o f th e  Peak I  M n^^-dependent PNPPase a c t i v i t y  as a 
f u n c t io n  o f  th e  in d ic a te d  s u b s t r a t e  (PNPP) c o n c e n tra t io n . In  t h i s  
f ig u r e  'S '  r e p r e s e n ts  th e  s u b s t r a t e  c o n c e n tra t io n  in  mil, w hereas 'V ' 
r e p r e s e n ts  th e  v e lo c i ty  o f  th e  r e a c t io n  in  nm oles o f PNPP h y d ro lyzed  
min ^ mg o f  p r o te in  ^ . The in s e t  i s  a r e c ip r o c a l  p lo t  of th e  same d a ta  
w hich i s  r e p r e s e n ta t iv e  o f  4 s e p a r a te  e x p e rim e n ts . D u p lic a te s  in  each  
experim en t were w ith in  4%. The d a ta  shown a re  the  a v e ra g e s  of a 












F lu o r id e  i s  a known i n h ib i to r  o f  p h o sp h o p ro te in  p h o sp h a ta se s  (Maeno & 
G reengard , 1972). I t  i s  m ost e f f e c t i v e  in  i n h ib i t i n g  p h o sp h o sery l 
p r o te in  p h o sp h a tase  a c t i v i t y  (Swarup e t  a l . ,  1982). C h em o ff e t  a l . ,  
(1 9 8 3 ), showed t h a t  p h o sp h o se ry l p r o te in  phosphatase  a c t i v i t y  i s  
co m p le te ly  in h ib i te d  by KaF w hereas h ig h  c o n c e n tra t io n s  o f  KaF (50 mil) 
i n h i b i t  d e p h o sp h o ry la tio n  by p h o sp h o ty ro sy l p r o te in  p h o sp h a ta se  by on ly  
50%. S im ila r  o b s e rv a t io n s  th a t  f lu o r id e  i s  n o t an e f f e c t i v e  i n h ib i to r  o f 
p h o sp h o ty ro sy l p r o te in  p h o sp h a ta se  a c t i v i t y  were a ls o  made by F ou lkes  e t  
a l  (1 9 8 1 ,1 9 8 3 ), Swarup e t  a l  (1 9 8 2 ), B ra u tig a n  e t  a l  (1 9 8 1 ), S h r in e r  e t  
a l  (1984) and L e is  and K aplan (1 9 8 2 ).
The e f f e c t s  of f lu o r id e  on th e  EAT c e l l  p h o sp h a tases  a re  p re s e n te d  in  
F ig u re  17 . C le a r ly ,  th e  M g^*-dependent PNPPases a re  f a r  more s e n s i t iv e  
to  f lu o r id e  i n h ib i t i o n  th an  th e  M n^*-dependent PNPPases. Compare 93% 
i n h ib i t i o n  of Peak I  Mg^ '*’-d ep en d en t PNPPase to  15% in h ib i t i o n  o f Peak I  
M n^^-dependent PNPPase, and 61% i n h ib i t i o n  o f Peak I I  Mg ^ ''’-d ep en d en t 
PNPPase to  13% i n h ib i t i o n  o f  Peak I I  M n^^-dependent PNPPase when a ssa y e d  
in  th e  p re se n c e  o f  5 mM f l u o r i d e .  From th e s e  r e s u l t s  i t  i s  seen  t h a t
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F ig u re  17 F lu o r id e  i n h ib i t i o n  o f  EAT c e l l  PNPPases. A liq u o ts  o f Peak I
(15 ug pro te  in  ;0 )  and Peak  I I  (22 ug p r o te in  ;0 )  f r a c t i o n s  were a ssa y e d
2+a s  d e s c r ib e d  under M a te r ia ls  and Methods fo r  Mg -dependen t PNPPase 
a c t i v i t y  in  th e  p re se n c e  o f  th e  pH 7 .5  T ris-H C l b u f f e r  system  d e s c r ib e d  
in  F ig u re  14 p lu s  th e  i n d ic a te d  KaF. M n^^-dependent PNPPase a c t i v i t i e s  
fo r  Peak I  (2 .9  ug p r o te in ;# )  and Peak I I  (11 ug p r o t e i n # )  were a ssa y e d  
under i d e n t i c a l  c o n d it io n s  excep t th a t  250 uM MnCl^ s u b s t i tu te d  fo r  
MgCl^. The d a ta  shown i s  r e p r e s e n ta t iv e  o f  th re e  s e p a ra te  ex p erim en ts  
each f o r  b o th  M g^'^-dependent Peak I  & I I  PNPPase a c t i v i t y .  The d a ta  
shown a re  th e  a v e ra g e s  o f  a d u p l ic a te  d e te rm in a tio n s  f o r  each 
e x p e rim e n t. D u p lic a te s  w i th in  each  experim ent w ere w ith in  3 %.
S im i la r ly ,  f o r  th e  M n^*-dependent Peak I  and I I  PNPPase a c t i v i t y ,  th e  
d a ta  shown i s  r e p r e s e n ta t i v e  o f  fo u r  s e p a ra te  ex p e rim en ts  each o f  th e  
a c t i v i t i e s .  The d a ta  shown a re  th e  av e ra g e s  o f a d u p l ic a te  
d e te rm in a tio n s  f o r  each e x p e rim e n t. D u p lic a te s  w i th in  each experim en t 
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2 +th e  Peak I  and Peak I I  îùi -dependen t PNPPases a r e  s im i la r  in  t h a t  both 
a re  o n ly  s l i g h t l y  i n h ib i t e d  by f lu o r id e .  However, in  th e  p re se n c e  of 
0 .5  mM f lu o r id e .  Peak I  M g^^-dependent PNPPase (61% in h ib i t i o n )  i s  more 
s e n s i t iv e  to  f lu o r id e  th a n  th e  Peak I I  M g^^-dependent PNPPase (25% 
i n h i b i t i o n ) .
3 .6 .2
EFFECT OF PHOSPHATE
In o rg a n ic  phosphate  ( P i)  i s  n o t on ly  a  s u b s t r a te  and a p ro d u c t ,  but 
a ls o  a  c o m p e titiv e  i n h ib i to r  o f a lk a l in e  p h o sp h a ta se s . I t  h as  been 
shown to  be an e f f e c t i v e  i n h ib i to r  f o r  th e  a lk a l in e  p h o sh a ta se  
a s s o c ia te d  w ith  c a rd ia c  phosphosery l p r o te in  p h o sp h a ta se  ( L i ,  H -C ., e t  
a l . ,  1 9 7 9 ), and  th e  a lk a l in e  p h osphatase  s p e c i f i c  tow ard p h o sp h o ty ro s in e  
h is to n e  (Swarup e t  a l . ,  1 9 8 1 ). In o rg a n ic  pho sp h a te  i n h i b i t s  a lk a l in e  
p h o sp h a ta se s  c o m p e tit iv e ly  (Moss e t  a l . ,  1967; E aton  e t  a l . ,  1967; 
Bowers e t  a l . ,  1966; T o r r i a n i ,  A .,  1960; and H i l l i a r d  e t  a l . ,  1 9 6 5 ).
We examined the  e f f e c t  of phosphate  on Peak I  and Peak I I  PNPPases 
from EAT c e l l  and th e  r e s u l t s  a re  p re s e n te d  i n  F ig u re  18. I t  i s  seen 
th a t  Peak I  M g^^-dependent PNPPase i s  more s e n s i t iv e  to  i n h ib i t i o n  by 
phosphate  th a n  th e  Peak I I  Mg^'^-dependent PNPPase. In  f a c t ,  low 
c o n c e n tra t io n s  of pho sp h a te  r e s u l te d  in  a  ve ry  c u r io u s  o b s e rv a t io n  th a t  
M g^*-dependent Peak I I  PNPPase i s  s tim u la te d  by 0 .1 - 0 .5  mM phosphate
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F ig u re  18 The e f f e c t  o f  phosphate  on EAT c e l l  PN PPases. A liq u o ts  o f th e
Peak I  (1 4 .8  ug p ro te in ;O j® a n d  Peak I I  (1 1 .4  ug p ro te in O > B )  f r a c t i o n s
w ere a ssa y e d  fo r  Kg^*—dependent (0>D) and M n^^-dependent ( # J I )  PNPPase
in  th e  p re se n c e  o f th e  in d ic a te d  c o n c e n tra t io n  o f  sodium p h o sp h a te , a l l
a s  d e s c r ib e d  in  F ig u re  17. The d a ta  shown i s  r e p r e s e n ta t i v e  o f  f iv e
s e p a ra te  ex perim en ts  each  fo r  bo th  Kg^'^-dependent Peak I  & I I  PNPPase
a c t i v i t y  and a re  th e  av e ra g e s  o f a  d u p l ic a te  d e te rm in a tio n s  f o r  each
e x p e rim e n t. D u p lic a te s  w i th in  each  experim ent were w ith in  4 %.
2+S im i la r ly ,  f o r  th e  Mn -d ep en d en t Peak I  and I I  PNPPase a c t i v i t y ,  th e  
d a ta  shown i s  r e p r e s e n ta t iv e  o f  fo u r  s e p a ra te  ex p e rim e n ts  each f o r  th e  
two a c t i v i t i e s .  The d a ta  shown a r e  th e  a v e ra g e s  o f  a  d u p l ic a te  
d e te rm in a tio n s  fo r  each  e x p e rim en t. D u p lic a te s  w i th in  each experim en t 

















(F ig u re  1 9 ) , w hereas o th e r  PNPPase a c t i v i t i e s  a r e  in h ib i te d  by 30%- 45%. 
Maximal s t im u la t io n  i s  about 66% and i s  o b se rv e d  a t  abou t 0 .1  mM 
p h o sp h a te . H igher c o n c e n tra t io n s  o f phosphate  i n h ib i t  th e  Peak I I  
M g^^-dependent PNPPase, bu t n o t to  as g re a t  an  e x te n t  as f o r  th e  o th e r  
EAT c e l l  PNPPase a c t i v i t i e s .  At 2 .0  mM p h o s p h a te . Peak  I  and I I
M n^^-dependent PNPPases and Peak I  Mg ^ ''’-d ep en d en t PNPPase a re  in h ib i te d  
by 90-95%, w h ile  Peak I I  M g^^-dependent PNPPase i s  in h ib i te d  by 44%.
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F ig u re  19
Peak I I  M g^*-dependent PNPPase a c t i v i t y  in  th e  p re s e n c e  o f the  in d ic a te d  
c o n c e n tra t io n s  o f  Sodium Phosphate (0 .0 5  -  0 .5  mM). D ata shown a re  the 
av erag es  of a  d u p l ic a te  d e te rm in a tio n s , in  t h i s  s in g le  experim en t, which 
were w ith in  2%.







A lthough  th e r e  a re  s p e c i f ic  p y ro p h o sp h a ta ses  (Akock & S h i l s ,  1967;
Korhonen e t  a l . ,  1977; E aton  & Moss, 1967), th e r e  i s  good d e a l of
ev id en ce  t h a t  th e  m a jo r i ty  o f n o n s p e c if ic  a lk a l in e  p h o sp h a ta se s
h y d ro ly z e  p y ro p h o sp h a te  (PP^) in  the  same manner as  th e y  hyd ro ly ze  o th e r
p h o sp h o ry la te d  s u b s t r a t e s .  However, a lth o u g h  i t  i s  known to  be a
s u b s t r a t e ,  c a l f  i n t e s t i n a l  a lk a l in e  p h o sp h a ta se  a c t i v i t y ,  (K e lly  &
2+H am ilton , 1 9 7 0 ), and Mg -dependen t p h o sp h a ta se  i s o l a t e d  from  tu rk e y  
g iz z a rd  smooth m uscle (P a to  e t  a l . ,  1983) were seen  to  be i n h ib i te d  by 
P P i.
We exam ined th e  e f f e c t  o f  py rophosphate  on Peak I  and Peak I I
PNPPases (F ig u re s  20 and 2 1 ) . I t  i s  se e n  t h a t  r e l a t i v e l y  h ig h
c o n c e n tra t io n s  o f  py rophosphate  (mM ran g e ) a re  r e q u i r e d  f o r  s ig n i f i c a n t
i n h ib i t i o n  o f  Peak I  and Peak I I  M g2+-dependent PNPPases (F ig u re  2 0 ) .
2+For bo th  Peak I  and Peak I I  Mg -d ep en d en t PNPPases h a l f -  maximal
i n h ib i t i o n  i s  o b ta in e d  w ith  12-15 mM p y ro p h o sp h a te  and e s s e n t i a l l y
com plete  i n h i b i t i o n  i s  a f fo rd e d  by 30 mM p y ro p h o sp h a te . In  s t a r k
2+c o n tr a s t  to  th e  p r o p e r t ie s  o f  the  Peak I  and Peak I I  Mg -d ep en d en t
2+PNPPases, th e  Peak I  and Peak I I  Mn -d ep en d en t PNPPases a re  v e ry  
s e n s i t i v e  to  th e  i n h ib i t i o n  by p y ro p h o sp h a te . 100 uM pyrophosphate  
i n h i b i t s  Peak I  and Peak I I  M n^^-dependent PNPPases by about 50% (F ig u re
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F igu re  20 P yrophosphate  i n h ib i t i o n  o f  EAT c e l l  PNPPase. A liq u o ts  o f  the
Peak I  (16 ug p r o te in ;0 )  and Peak I I  (1 8 .8  ug p r o te in ;D )  f r a c t i o n s  were
a ssa y e d  f o r  Mg^ "*’-d ependen t PNPPase in  th e  p re se n c e  o f  th e  in d ic a te d
sodium p y rophosphate  c o n c e n tra tio n s  a s  was d e s c r ib e d  in  F ig u re  17 . The
d a ta  shown i s  r e p r e s e n ta t iv e  o f s ix  s e p a ra te  e x p e rim e n ts  each  f o r  bo th  
2+Mg -d ep en d en t Peak I  & I I  PNPPase a c t i v i t i e s .  The d a ta  shown a re  
a v e ra g e s  o f  a  d u p l ic a te  d e te rm in a tio n s  fo r  each  e x p e rim e n t. D u p lic a te s  
w ith in  each experim ent were w ith in  4 %.
NMOLES PNPP/MIN/MQ PROTEIN
K




21) and 200 uM pyrophosphate  i s  r e q u ir e d  to  e s s e n t i a l l y  co m p le te ly  
i n h i b i t  th e se  a c t i v i t i e s .
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F ig u re  21 P yrophosphate  i n h ib i t i o n  o f  EAT c e l l  PNPPases. A liq u o ts  o f th e  
Peak I  ( 16 .3  ug p r o te in ;# )  and Peak  I I  ( 18 .8  ug p r o te in ;# )  f r a c t i o n s  
w ere assayed  f o r  M n^^-dependent PNPPase in  th e  p re se n c e  o f the  in d ic a te d  
sodium pyrophosphate  c o n c e n tra t io n s  as was d e s c r ib e d  in  F ig u re  17 . For 
th e  M n^*-dependent Peak I  and I I  PNPPase a c t i v i t y ,  th e  d a ta  shown i s  
r e p r e s e n ta t i v e  o f  f iv e  s e p a r a te  e x p e rim en ts  each o f th e  a c t i v i t i e s .  The 
d a ta  shown a re  th e  a v e ra g e s  o f  a  d u p l ic a te  d e te rm in a tio n s  f o r  each 



















EFFECT OF OTHER PHOSPHORYLATED LIGANDS
The a c t i v i t y  o f  th e  Peak I  M g^^-dependent PNPPase in  th e  p re se n c e  of
a number o f p h o sp h o ry la te d  compounds w hich m igh t be expected  to  b ind  to
th e  enzyme and to  s e rv e  a s  s u b s t r a te s  i f  th e  enzyme a c t s  as a
n o n - s p e c i f ic  p h o sp h a tase  was d e te rm in ed  as shown in  Table I I .  In  each
2+c a s e , a p a r t i a l  i n h ib i t i o n  o f  Peak I  Mg -d ependen t PNPPase was
o b se rv e d . The m ost e f f e c t i v e  i n h ib i to r s  t e s t e d  were ITP, GTP, NADP,
6 -p h o sp h o g lu co n ic  a c id ,  GTP, D -g a la to se  1 -p h o sp h a te , and
p h o sp h o th re o n in e . However, p h o sp h o ty ro s in e , p h o sp h o se r in e , and ATP were
2+a ls o  e f f e c t i v e .  T h is  r e s u l t  in d ic a te s  th a t  e i t h e r  Peak I  Mg -dependen t 
PNPPase i s  a  n o n s p e c if ic  n e u t r a l  p h o sp h a tase  a n d / o r r e f l e c t s  on th e  
a p p a re n t nonhom ogeneity o f th e  Peaks I  and I I  a s  seen  in  F ig u re  11.
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T ab le  I I
EFFECT OF PHOSPHORYLATED LIGANDS ON PEAK I  MG -DEPENDENT
PNPPASE ACTIVITY
P e rce n tag e  c o n tro l





6-Phosphoglucon ic  a c id 4 5 .2
GTP 49 .6
x-D -G ala to se  1 -p h o sp h a te 50 .6
x-D -G lucose 1 -p h o sp h a te 52 .4
T hreon ine-phosphate 54 .3
2-Phosphoglucon ic  a c id 59.9
T y ro s in e -p h o sp h a te 61 .6
S e rin e -p h o sp h a te 65 .6
ATP 70.9
F ru c to se  6 -p h o sp h a te 7 4 .4
Glucose 6 -p h o sp h a te 9 3 .8
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F o o tn o te :
^ Each a d d i t io n  was made to  a  f i n a l  c o n c e n tra t io n  of 
10 mil. A ssays w ere perform ed w ith o u t p re in c u b a t io n  a s  in  
80 mM T ris -H C l, pH 7 .5 ,  40 mM MgCl^, 1 mM DTT, 20 mM PNPP, 
p lu s  th e  in d ic a te d  a d d i t io n s  a s  d e s c r ib e d  u n d e r M a te r ia ls  and 
M ethods.
^100% c o n tr o l  a c t i v i t y  c o rre sp o n d s  to  49 nm oles o f PNPP 




M artensen  (1982) and H o r le in  e t  a l  (1982) re p o r te d  t h a t  m icrom olar
c o n c e n tra t io n s  o f Zn^* was a p o te n t i n h ib i to r  o f EAT c e l l  n e u t r a l
p h o sp h a ta se s  . F oulkes e t  a l . ,  (1981 & 1983) a ls o  re p o r te d  th a t  the
p h o sp h o ty ro s in e  p r o te in  p h o sp h a ta se  a c t i v i t i e s  from r a t  s k e le t a l  m uscle
and l i v e r  e x t r a c t s  and from ch icken  e x t r a c t  were s e n s i t iv e  to  ZnC l^. In
a d d i t io n ,  L e is  and K aplan (1 9 8 2 ), have re p o r te d  a Z n ^ ^ -s e n s it iv e
p h o sp h o sery l p r o te in  p h o sp h a ta se  a c t i v i t y .
We th e r e f o r e  in v e s t ig a te d  th e  e f f e c t  o f  z in c  on th e  EAT c e l l  Peak I
and Peak I I  and N n^^-dependent PNPPases. I t  was seen  (T ab le  I I I )
t h a t  in  th e  c o n c e n tra t io n  ran g e  from 0 .1 —0.5  mM, Zn^* i n h i b i t s  Peak I I
Mn^ '*’—dependen t PNPPase more th an  the  o th e r  EAT c e l l  PNPPase a c t i v i t i e s .
In  th e  p re se n c e  o f 1 .0  mM Zn^*, e s s e n t i a l l y  com plete i n h ib i t i o n  o f Peak
I I  PNPPase i s  a t t a in e d ,  w h ile  th e  Peak I  a c t i v i t i e s  a re  in h ib i te d  only
2+63-72%. I t  was noted  th a t  f r e s h ly  made Zn s o lu t io n  i s  more p o te n t than  
aged s o lu t io n ,  hence f r e s h  s o lu t io n s  o f ZnClg were used th ro u g h o u t th e se  
e x p e rim e n ts .
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T ab le  I I I





(nm oles PNPP min  ^ mg p r o te in
PEAK I  0 58.9 208
0 .1 53 .0 208
0.25 52.9 192
0 .5 4 8 .4 190
1 .0 1 6 .4 77 .1
PEAK I I  0 24.5 77 .1
0 .1 29.6 51 .6
0 .25 27 .8 34.3
0 .5 23 .8 2 4 .0
1 .0 0 1 .53
A liq u o ts  o f the Peak I  (1 6 .3  ug p r o te in )  and Peak  I I  (1 8 .8  
ug p ro te in )  f r a c t i o n s  were a ssa y e d  f o r  Mg -d ep e n d e n t and 
Mn -d ep en d en t PNPPase in  th e  p resen ce  of the  in d ic a te d  
ZnCl2 c o n c e n tra t io n s  as  was o u t l in e d  in  F ig u re  1 5 . The d a ta  
shown h e re  in  t h i s  t a b l e  i s  r e p r e s e n ta t iv e  o f th r e e  s e p a ra te  
experim en ts  fo r  th e  Mg ^ -d ep en d en t PNPPase a c t i v i t i e s  and f iv e  
s e p a ra te  experim en ts  f o r  the  co rre sp o n d in g  Mn ^ -d ep en d en t 
a c t i v i t i e s .  The d a ta  shown a r e  th e  a v e rag es  of a  d u p l ic a te  
d e te rm in a tio n s  f o r  each  e x p e rim e n t. In  each e x p e rim e n t, d u p l ic a te s  
were w ith in  5 %.
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3 .6 .6
EFFECT OF LEVAMISOLE AND VANADATE
None o f th e  EAT c e l l  n e u t r a l  PNPPases were found to  be i n h ib i te d  by 
1 mil le v a m is o le , a p la c e n ta l  type a lk a l in e  p h o sp h a tase  i n h i b i t o r  (Van 
B e l le ,  1 9 7 2 ). In a d d i t io n ,  v a n a d a te , w hich i n h i b i t s  human (Lopez e t  a l . ,  
1976) and E,. c o l i  (S e a rg e a n t & S tin s o n , 1979) a lk a l in e  p h o s p h a ta s e s , 
human ep iderm oid  carcinom a A-431 c e l l  p h o sp h o ty ro sy l p r o te in  p h o sp h a tase  
(Swarup e t  a l . ,  1 9 8 2 a ), and b o th  p h o sp h o ty ro sy l p h o sh a ta se  and 
p h o sp h o sery l p h o sp h a tase  a c t i v i t i e s  from TCRC-2 tumor c e l l  and PNPPase 
from TCRC-2 tumor c e l l s  (Swarup e t  a l . ,  1982b), i n h i b i t s  EAT c e l l s  




T reatm ent of p r o te in s  w ith  p r o te o ly t i c  enzymes l i k e  t r y p s in  and
m odify ing  re a g e n ts  l i k e  N -e thy lm ale im ide  can r e s u l t  i n  m o d u la tio n  o f
enzym atic  a c t i v i t y  e i t h e r  by changes e f f e c te d  a t  th e  a c t iv e  c e n te r
d i r e c t l y  o r v ia  s t r u c t u r a l  (c o n fo rm a tio n a l)  a l t e r a t i o n s  a t  the  a c t iv e
c e n te r  r e s u l t i n g  from  chem ical changes o c c u rin g  a t  d i s t a n t  s i t e s .  Hence,
th e  e f f e c t s  o f t r y p s i n ,  w hich ch em ica lly  a l t e r s  p r o te in s  by h y d ro ly z in g
p e p tid e  bonds a t  l y s y l  o r a rg in y l  r e s id u e s ,  and N -e th y lm ale im id e , w hich
a lk y la te s  s u lf h y d r y l  r e s id u e s ,  were d e te rm in e d .
2+The d a ta  in  F ig u re  22 show th a t  Peak I  %  -dependen t PNPPase i s  most
s e n s i t i v e  to  t r y p s i n o ly s i s .  A maximal 75% in a c t iv a t io n  i s  o b ta in e d  w ith
o n ly  5 ug o f  t r y p s i n .  G re a te r  t r y p s in  c o n c e n tra t io n s  have  no a d d i t io n a l
e f f e c t  on t h i s  a c t i v i t y  ( d a ta  n o t shown). For Peak I  N n^^-dependent
PNPPase, 25 ug t r y p s i n  in  th e  p re in c u b a tio n  m ix tu re  r e s u l t e d  in  o n ly  43%
i n a c t iv a t io n  w h ile  t h i s  c o n c e n tra t io n  o f  p r o te a s e  in a c t iv a te d  Peak  I I
M n^^-dependent PNPPase by 72% and Peak I I  M g^^-dependent PNPPase by 78%.
G re a te r  t r y p s in  c o n c e n t r a t io n s  w ere w ith o u t a d d i t io n a l  e f f e c t .  The
a b i l i t y  o f t ry p s in  to  p a r t i a l l y  i n a c t iv a te  each  o f th e  n e u tr a l  PNPPase
a c t i v i t i e s  s u g g e s te d  th a t  t r y p s in o ly s i s  cou ld  be used a s  as a p ro b e  to
compare the  e f f e c t  o f l ig a n d  b in d in g  to  th e s e  enzym es. In  T ab le  IV,
2+ 2+Experim ent I ,  th e  e f f e c t s  o f  Mg and Mn on th e  e x te n t  of t r y p t i c
2+i n a c t iv a t io n  o f PNPPase a re  com pared. N e ith e r  40 mM Mg nor 250 uM 
Mn^ "*", w hich o p tim a lly  s t im u la te  PNPPase a c t i v i t y ,  has an  e f f e c t  on the
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p r o te o l y t i c  i n a c t iv a t io n  o f  Peak I  PKPPase when th e s e  c a t io n s  a re
in c lu d e d  w ith  t r y p s in  in  a  p re in c u b a tio n  m ix tu re . However, Peak I I  
2+Mg -d ep en d en t PNPPase i n a c t iv a t io n  d e c re a se s  from 62% i n  th e  absence  of 
2+Mg to  on ly  11% when t r y p s in o ly s i s  i s  perfo rm ed  in  th e  p re se n c e  o f
Mg^^. Only a s l i g h t  p r o te c t iv e  e f f e c t  a g a in s t  Peak I I  M a^*-dependent
2+PNPPase t r y p t i c  i n a c t iv a t io n  was o b ta in e d  w ith  Mn .
The e f f e c t s  o f  th e  in c lu s io n  o f  th e  s u b s t r a te  PNPP in  th e
t r y p s in o ly s i s  p r e in c u b a t io n  m ix tu re s  a re  p re s e n te d  in  T ab le  IV,
Experim ent I I .  P r o te c t io n  a g a in s t  i n a c t iv a t io n  was o b se rv ed  in  each
2+c a s e . Most a f f e c te d  was th e  Peak I I  Mg -d ep en d en t PKPPase w here th e
e x te n t  of t r y p t i c  i n a c t iv a t io n  d e c re a sed  from 56% in  th e  absence  o f PNPP
to  15% in  th e  p re se n c e  o f PNPP d u rin g  p r e in c u b a t io n .  Peak I I  
2+Mn -d ep en d en t PNPPase in a c t iv a t io n  by t r y p s in  d e c re a se d  from  55% in  th e
absence  to  26% in  th e  p re se n c e  o f  PNPP, and th e  Peak I  PNPPases
in a c t iv a t io n  by t r y s i n  d e c re a sed  to  10-15% in  th e  p re se n c e  o f PNPP in
th e  p re in c u b a tio n  r e a c t io n  m ix tu re . N e ith e r  1 mM DTT, w hich s t im u la te s
EAT c e l l  PKPPase a c t i v i t y  ( J a v e r i  e t  a l . ,  1 9 8 4 ), n o r 0 .2  mM p h o sp h a te ,
2+which was shown in  F ig u re  19 , above, to  s t im u la te  Peak I I  Mg -d ep en d en t 
PNPPase, has  any e f f e c t  on m odify ing  th e  e x te n t  o f i n a c t iv a t io n  o f EAT 
c e l l  PNPPases by t r y p s i n .
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F ig u re  22 T ry p sin  i n a c t iv a t io n  o f  EAT c e l l  PNPPases. P re in c u b a tio n s  of 
a l i q u o ts  o f th e  Peak I  ( 16 .3  ug p r o te in ;0 ,® )  and Peak I I  ( 18 .8  ug 
p ro te in ^ 3 ,B )  f r a c t i o n s  w ith  th e  in d ic a te d  c o n c e n tra t io n s  o f t r y p s in  were 
in c u b a te d  on ic e  f o r  15 m in as d e s c r ib e d  in  M a te r ia ls  and Methods in  a 
medium of 390 u l  c o n s i s t in g  o f 103 mil T ris -H C l, pH 7 .5 .  P r o te o ly t ic  
a c t io n  was quenched by th r e e  fo ld  e x cess  o f soybean t r y p s in  in h ib i to r  
and by d i lu t io n  o f th e  p re in c u b a tio n  m ix tu re  such th a t  th e  f i n a l  500 u l 
volume c o n ta in ed  a t  a com plete a s sa y  system  a p p ro p r ia te  fo r  e i t h e r  
r e s id u a l  Mg ^ ''’-d ep en d en t ( 0 , D )  o r r e s id u a l  Mn^ "*’-d ep e n d e n t W jB) PNPPase 
a c t i v i t y  d e te rm in a tio n  a s  was d e s c r ib e d  in  F ig u re  17 . The d a ta  shown is  
r e p r e s e n ta t iv e  o f  f iv e  s e p a r a te  ex p erim en ts  each  fo r  b o th  M g^^-dependent 
Peak I  & I I  PKPPase a c t i v i t y .  D u p lic a te s  w i th in  each experim ent were 
w i th in  5 %. S im i la r ly ,  f o r  the  M n^^-dependent Peak I  and I I  PNPPase 
a c t i v i t y ,  th e  d a ta  shown i s  r e p r e s e n ta t iv e  o f f iv e  s e p a ra te  experim en ts  
each  o f th e  a c t i v i t i e s .  D u p lic a te s  w i th in  each experim en t were w ith in  4 
%. In  a l l  c a s e s ,  th e  d a ta  shown a r e  th e  av e ra g e s  o f  a d u p l ic a te  












T able  IV
LIGAND BINDING EFFECTS ON THE TRYPTIC INACTIVATION OF EAT
CELL PNPPASES.-^
PREINCDBATION Mg2+-PNPPase Mn^'^-PNPPase 
ADDITION (m aoles PNPP min  ^ mg p ro te in
EXPERIMENT I :
PEAK I  NONE 58 .1  249
+5ug TRYPSIN 3 5 .8  ND
+5ug TRYPSIN + 40mM Mg "^^  37 .6  ND
+25ug TRYPSIN ND 123
+25ug TRYPSIN +250uM Mn "^^  ND 127
PEAK I I  NONE 15.9  9 1 .5
+15ug TRYPSIN 6 .1  4 7 .2
+15ug TRYPSIN + 40mM Mg "^^  14 .2  ND
+15ug TRYPSIN +250um mn^"  ^ ND 57.7
EXPERIMENT I I :
PEAK I  NONE 51 .9  244
+1.5ug TRYPSIN 24.9 ND
+1.5ug TRYPSIN + 20mM PNPP 3 4 .0  ND
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+ 25ug TRYPSIN ND 136
+ 25ug TRYPSIN + 20mM PNPP ND 162
PEAK I I  NONE 2 2 .4  85 .5
+ 15ug TRYPSIN 9 .9 1  3 8 .6
+ 15ug TRYPSIN + 20eK PNPP 19 .1  6 3 .2
^ The e x p e r im e n ta l  p ro c e d u re  w ere a s  d e sc r ib e d  in  f ig u r e
2+19, e x c e p t t h a t  th e  in d ic a te d  c o n c e n tra tio n s  o f  e i t h e r  Mg ,
Mn^^, o r  PNPP w ere p re s e n t  d u rin g  p re in c u b a tio n .
The d a ta  shown in  t h i s  t a b l e ,  f o r  Experim ent I ,  i s  
r e p r e s e n t a t i v e  o f th re e  s e p a r a te  p r o te c t io n  a s sa y s  t h a t  w ere each 
done in  d u p l i c a te s .  The d u p l ic a te s  in  each experim ent w ere w ith in  
2-3  %.
The d a ta  shown in  t h i s  t a b l e ,  f o r  Experim ent I I ,  i s  
r e p r e s e n ta t i v e  o f th re e  s e p a r a te  p r o te c t io n  a s sa y s  t h a t  w ere each 
done in  d u p l i c a te s .  The d u p l ic a te s  in  each experim ent were w ith in  
3%. In  each  c a s e , th e  d a ta  p re s e n te d  here a r e  the  a v e ra g e s  o f a 
d u p l ic a te  d e te rm in a tio n s  f o r  each  experim en t.
ND = n o t  d e te rm in ed
89
3 .8
EFFECT OF N-ETHYLMALEIMIDE ( NEM)
The a b i l i t y  o f DTT to  s t im u la te  PNPPase s tro n g ly  im p lie s  th a t  one o r
more s u lfh y d ry l  g roups may be e s s e n t i a l  fo r  a c t i v i t y .
As shown in  T able V, p a r t i a l  i n a c t iv a t io n  was observed  f o r  EAT c e l l
2+  2+Peak I  and Peak I I  PNPPases in  th e  p resen ce  o f Mg o r  Mn when t r e a te d
w ith  1 mM N -e th y lm ale im id e  (NEM), an i r r e v e r s i b l e  s u lfh y d ry l group
m od ify ing  r e a g e n t .  Compared to  th e  u n t r e a te d  c o n tro ls  a ssay ed  under
2+o th e rw ise  i d e n t i c a l  c o n d i t io n s .  Peak I I  Mn -dependen t PNPPase was more
2+s u s c e p t ib le  to  NEM i n a c t iv a t io n  (83%) th a n  Peak I I  Mg -d ep en d en t 
PNPPase (62%), Peak I  M g^^-dependent PNPPase (40%), and Peak I  
M h^^-dependent PNPPase (18% ). The p resen ce  of e i t h e r  40 mM Mg^^, 250 uM 
Mn^^, o r  20 ml-I PNPP in  th e  p re in c u b a tio n  m ix tu re s  had e s s e n t i a l l y  no 
e f f e c t  on th e  e x te n t  o f  i n a c t iv a t io n  by NEM.
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T able V




(nm oles PNPP inin~^ mg P ro te in
PEAK I NONE 69.3 212
+lmM NEM 4 1 .4 173
PEAK I I NONE 21.7 141
+lmK lŒl'î 8 .7 23 .6
* A liq u o ts  (16 ug p r o te in )  o f th e  Peak I  and Peak I I
f r a c t i o n s  w ere p re in c u b a te d  f o r  15 min on ic e  in  a mediuat o f
390 u l  c o n ta in in g  103 mM T ris-K C l, pH 7 .5 ,  p lu s  1 mil NEK, w here
in d ic a te d .  The s u lfh y d ry l  m o d if ic a tio n  r e a c t io n s  were quenched by
3 mM DTT and d i lu t in g  th e  p re in c u b a tio n  m ix tu re  such t h a t  th e
f i n a l  500 u l  volume co n ta in ed  a com plete PNPPase a ssay  system  fo r
th e  d e te rm in a tio n  o f  e i t h e r  r e s id u a l  K g^^-dependent o r 
2+Kn —dependen t PKPPase a c t i v i t y  as  d e sc r ib e d  in  F ig u re  15.
The d a ta  shown i s  r e p r e s e n ta t iv e  o f f iv e  experim en ts  each  f o r  the
Peak I  and Peak  I I  Mg ^ ''’-d ep en d en t a c t i v i t i e s ;  S ix  ex p e rim en ts  fo r  
2+th e  Peak I  Mn -d ep en d en t a c t i v i t y  and fo u r  ex p erim en ts  fo r  th e  
c o rre sp o n d in g  Peak I I  a c t i v i t y .  The d a ta  shown a re  th e  av e ra g e s  o f a 
d u p l ic a te  d e te rm in a tio n s  fo r  each  ex p erim en t. In  a l l  c a s e s ,  




A number o f tumor c e l l  a lk a l in e  p h o s h a ta s e s  have been c h a ra c te r iz e d
on th e  b a s i s  o f t h e i r  th e r m o la b i l i ty  (MeComb e t  a l . ,  1 9 7 9 ). The th e rm al
s t a b i l i t y  p r o f i l e s  f o r  the  EAT c e l l  PNPPases a re  shown in  F ig u re  2 3 , and
th e s e  enzymes a re  c l e a r l y  th e r m o la b i le .  Peak I  PNPPases a re  more
s u s c e p t ib le  to  h e a t  in a c t iv a t io n  th a n  th e  Peak I I  PNPPases w ith
a p p ro x im a te ly  50% lo s s  of a c t i v i t y  o c c u r r in g  under ou r p re in c u b a tio n
c o n d it io n s  a t  55 °C and 60 °C, r e s p e c t i v e ly .  R e s u lts  from  a com parison
2+o f  th e  e f f e c t s  o f h e a t tre a tm e n t in  th e  p re se n c e  o f 40 mM Mg or 250 uM 
on PNPPases a re  p re s e n te d  in  T ab le  V I. W hile th e  p resen ce  o f  Mg^ '*’ 
o r Mn^^ i s  shown to  s t a b i l i z e  Peak I  PNPPase a t  52 .5  ®C, the  m ost
s t r i k in g  f in d in g  i s  th a t  Mn^ "*" a c t i v a t e s  th e  Peak I I  Mn^ '*’-d ep en d en t 
PNPPase by 78% d u rin g  h e a t  tre a tm e n t a t  60 °C. I t  i s  a ls o  o f i n t e r e s t  
t h a t  Mg^^ e x te n s iv e ly  d e s ta b l iz e s  peak I I  M g^^-dependent PNPPase d u r in g  
p re in c u b a t io n  a t  60 °C. Compare 49% i n a c t iv a t io n  of Peak I I  
M g^^-dependent PKPPase in  th e  absence  o f  Mg^^ to  89% in a c t iv a t io n  i n  th e  
p re se n c e  o f  Mg^^.
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F ig u re  23 Therm al i n a c t iv a t io n  o f  EAT c e l l  PN PPases. H eat tre a tm e n ts
w ere conducted  by p re in c u b a tin g  19 ug p r o te in  a l i q u o ts  o f  th e  Peak I  (O ,#
) o r Peak I I  ( D , B )  f r a c t i o n s  in  a  100 u l  volume c o n ta in in g  80 mM
T ris-H C l, pH 7 .5 ,  f o r  10 m in a t  th e  te m p e ra tu re s  in d ic a te d .  The
in a c t iv a t io n  r e a c t io n s  were quenched by d i lu t i n g  w ith  an a p p ro p r ia te
PNPPase a s sa y  medium on ice  as  d e s c r ib e d  u n d e r M a te r ia ls  and M ethods.
The m ix tu re s  were th en  assay ed  fo r  r e s id u a l  M g^^-dependent ( 0 , 0 )  and
Mn '^*’-d ep en d en t ( #  ,H )  PKPPase as in  F ig u re  17. The d a ta  shown i s
r e p r e s e n ta t i v e  of th re e  s e p a ra te  experim en ts  each  f o r  bo th
M g^^-dependent Peak I  & I I  PNPPase a c t i v i t y .  D u p lic a te s  w ith in  each
2+experim en t were w ith in  5 %. S im i la r ly ,  f o r  th e  Mn -d ependen t Peak I  
and  I I  PlJPPase a c t i v i t y ,  th e  d a ta  shown i s  r e p r e s e n ta t iv e  of f iv e  
s e p a ra te  ex p e rim en ts  each o f  th e  a c t i v i t i e s .  D u p lic a te s  w ith in  each 
experim en t were w ith in  4 %. In  each  c a se , th e  d a ta  shown a re  th e  
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T a b le  VI
CATION BINDING EFFECTS ON THE THERMAL INACTIVATION OF EAT
CELL PNPPASE
PREINCUBATION PREINCUBATION Mg^ "^  -PNPPase Mn^* -PNPPase
TEMPERATURE 
(°C )
ADDITIONS (nm oles PNPP min 
mg p r o te in ” ^)
-1
PEAK I  0 NONE 47.8 172
52.5 NONE 26.1 7 7 .6
52.5 +40mM 3 5 .4 ND
52.5 +250uM Kn^* ND 150
PEAK I I  0 NONE 18.2 4 3 .0
60 NONE 9 .8 24 .8
60 +40oM Mg '^^ 1.93 ND
60 +250uM Mn "^^ ND 7 6 .6
^ The e x p e rim e n ta l p ro ce d u re s  fo llo w e d  w ere a s  d e sc r ib e d  in  
F ig u re  20 , excep t th a t  th e  in d ic a te d  c o n c e n tra t io n s  o f e i t h e r  
o r  Mn^^ were p re s e n t  d u r in g  p re in c u b a t io n . The d a ta  
shown in  t h i s  t a b le  i s  r e p r e s e n ta t i v e  of fo u r  s e p a ra te  ex p erim en ts  
f o r  each o f th e  m eta l io n s . The d a ta  shown a re  the  av e rag es  of a  
d u p l ic a te  d e te rm in a tio n s  fo r  each  o f the  e x p e rim e n ts . The 
d u p l ic a te s  w ere w ith in  3 %. ND = n o t de term ined
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3 .1 0
PHOSPHOTYROSINE & PHOSPHOSERINE AS SUBSTRATES
When p h o sp h o ty ro s in e  and p h o sp h o se rin e  were used  as s u b s t r a t e s ,  i t  
was seen  th a t  th e  Peak I  f r a c t i o n  showed h ig h  s p e c i f i c i t y  tow ard 
p h o s p h o ty ro s in e . The r e a c t i o n  was q u a n t i f ie d  by fo llo w in g  th e  r e le a s e  o f 
P i  by the  L a n z e tta  m ethod a s  d e s c r ib e d  in  M a te r ia ls  and M ethods. 
S p e c if ic  a c t i v i t y  fo r  p h o sp h o ty ro sy l p h o sp h a ta se  was found to  be 104 
nmole o f  P i  r e le a s e d  min~^ mg p r o te in  ^ . P h o sp h o serin e  d id  no t se rv e  as  
a  good s u b s t r a te  f o r  Peak I  f r a c t i o n .  S p e c if ic  a c t i v i t y  was found to  be 
abou t 10 nm oles o f P i r e l e a s e d  min ^ mg o f  p r o te in  ^ . These f in d in g s  
a r e  s im i la r  to  th o se  o f  F o u lk es  e t  a l . ,  (1 9 8 3 ), who showed th a t  th e  
p h o sp h o ty ro sy l p r o te in  p h o sp h a ta se  th ey  i s o la te d  had v e ry  h igh  
s p e c i f i c i t y  tow ard p h o sp h o ty ro sy l p r o te in s  b u t showed l i t t l e  s p e c i f i c i t y  
toward p h o sp h o sery l p r o t e i n ,  and a ls o  to  th o se  o f Heng Chun L i (1 9 8 4 ), 
who i s o la te d  an  a c id  p h o sp h a ta se  w hich was found to  c o n ta in  h ig h  
s p e c i f i c i t y  tow ard p h o sp h o ty ro sy l r e s id u e s  w ith  l i t t l e  a c t i v i t y  tow ard 
s e v e ra l  p h o sp h o sery l and p h o sp h o th reo n y l p r o t e i n s .
However, Peak  I I  f r a c t i o n  d e m o n s tra ted  a  v e ry  h ig h  s p e c i f i c i t y  
tow ards p h o sp h o se rin e , (107 nmol of P i  r e l e a s e d  min  ^ mg o f  p r o te in  ^) 
and very  l i t t l e  s p e c i f i c i t y  tow ards p h o sp h o ty ro s in e  a s  a s u b s t r a te  
( s p e c i f i c  a c t i v i t y  abou t 25 nmol P i  r e le a s e d  min  ^ mg of p r o te in  ^ ) .  The 
low p h o sp h o ty ro sy l a c t i v i t y  in  Peak I I  and th e  phosphosery l a c t i v i t y  in  
Peak I  p ro b ab ly  r e s u l t  from  th e  c ro s s  c o n ta m in a tio n  o f one peak w ith  th e  
o th e r .  T h is  co u ld  be a t t r i b u t e d  to  th e  f a c t  t h a t  th e  p r o te in s  i n  Peak I
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e lu te d  from  th e  DEAE-Sephacel column w ith  120 and th e  p r o te in s  in  Peak 
I I  e lu te d  w ith  160 mM NaCl. T h is  i s  a l s o  b o rne  o u t by th e  r e s u l t s  
o b ta in e d  w ith  the  Z in c -c h e la te d  column ( s e e  s e c t io n  3 .2 ) .
I t  was found th a t  th e  Peak I I  f r a c t i o n  i s  an a c id  p h o sp h a tase  and
2+  2+ 2+  r e q u i r e s  e s s e n t i a l  Mg io n .  Mn d id  n o t s u b s t i t u t e  fo r  Mg
F u rth e rm o re , th e  a c t i v i t y  o f  the  Peak I I  f r a c t i o n  a s  a phosphosery l
p h o sp h a ta se  was n o t s tim u la te d  by s u lf h y d r y l  compounds such a s  DTT
( r e s u l t s  from  my c o lle a g u e  D a r re l l  N. S m ith ) .
The EAT c e l l  Peak I  f r a c t i o n  was f u r t h e r  c h a ra c te r iz e d  as  a
p h o sp h o ty ro sy l p h o sp h a ta se . In  o rd e r  to  o p tim iz e  a ssay  c o n d it io n s ,
t i t r a t i o n s  were perform ed in  which p h o sp h o ty ro sy l p h o sp h a ta se  a c t i v i t y
was m easured  as a fu n c t io n  of a s sa y  p r o te in  c o n c e n tra t io n  and a s  a
fu n c t io n  o f  assay  in c u b a tio n  tim e. I t  was found th a t  2 -4  ug o f p r o te in
and 15 m in  in c u b a tio n  tim e p ro v id e  o p tim a l r e s u l t s  f o r  t h i s  a s s a y . I t
was a ls o  found t h a t  in  th e  absence  o f  c a t io n s  Peak I  d id  n o t
d e p h o sp h o ry la te  p h o sp h o ty ro s in e  . As o b se rv e d  w ith  Peak I  and Peak I I
2+PN PPases, Peak I  p h o sp h o ty ro sy l p h o sp h a ta se  r e q u i r e s  e s s e n t i a l  Mg ion
(F ig u re  2 4 ) .  20 mM of MgCl^ showed maximum s t im u la t io n  in  a c t i v i t y .
2+However, when h ig h e r  c o n c e n tra t io n s  o f  Mg io n s  w ere u se d , i t  gave 
v a r i a b le  r e s u l t s .
The o f th e  s u b s t r a te  p h o s p h o ty ro s in e , was de te rm ined  in  the
p re se n c e  o f  20 mM Mg^^ io n s  (F ig u re  2 5 ) . I n  fo u r  s e p a ra te  e x p e rim e n ts , 
v a lu e s  o f  1 .2 ,  3 .5 ,  5 .2 ,  and 3 .8  mM and v a lu e s  o f 104, 92 , 124,
and 104 nm oles P i  r e le a s e d  min“  ^ mg o f  p r o te in " ^  were o b ta in e d , 
r e s p e c t i v e ly .  In  two a d d i t io n a l  e x p e rim e n ts  a v a r i a n t  s e t  o f r e s u l t s
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were o b ta in e d . I n  t h i s  l a t t e r  c a se , K v a lu e s  of 4 .5  and 55 mM andm Diax
v a lu e s  o f  455 and 611 nm oles o f P i  r e le a s e d  min"^ mg of p r o te in " ^ ,  were
o b ta in e d , r e s p e c t iv e ly .  We have no way to  account fo r  th e  v a r i a b i l i t y  of
th e s e  r e s u l t s .  I t  shou ld  be no ted  t h a t  th e  o f  104, 9 2 , and 124 a re
c lo s e  to  the  s p e c i f i c  a c t i v i t y  v a lu e s  u s u a l ly  m easured f o r  t h i s
p h o sp h o ty ro sy l p h o sp h a ta se  a c t i v i t y  in  t h i s  s tu d y .
U n lik e  the  EAT c e l l  PNPPases, Peak I  p h o sp h o ty ro sy l p h o sp h a ta se
r e q u i r e s  m il l im o la r  c o n c e n tra t io n  o f  Mn^^ fo r  a c t i v i t y  (F ig u re  2 6 ) .
F u rth e rm o re , th e  s t im u la t io n  r a t i o  o f  Mn^^/ M g^^-dependent a c t i v a t i o n
was seen  to  be 1 :2 .  In  a d d i t io n ,  a  h ig h e r  c o n c e n tra t io n  o f  p r o te in  was 
2+r e q u ir e d  f o r  Mn -d ep en d en t p h o sp h o ty ro sy l phosphatase  to  h y d ro ly ze  
p h o s p h o ty ro s in e .
S u lfh y d ry l g roup  compounds a re  r e q u i r e d  fo r  o p tim al a c t i v i t y  by an
EAT c e l l  p h o sp h o ty ro sy l p r o te in  p h o sp h a ta se  d e sc r ib e d  by M artensen  1982,
and by s e v e r a l  a lk a l in e  p h o sp h a ta se s  (L i and Chang, 1981). Under our
2+assa y  c o n d it io n s  1 mM DTT s t im u la te s  Mg -dependen t p h o sp h o ty ro sy l 
p h o sp h a ta se  to  about 3 -5  tim es  (T ab le  V I I ) .  Hence, Peak I  
p h o sp h o ty ro sy l p h o sp h a ta se  a c t i v i t y  and th e  Peak I  and Peak I I  PNPPase 
a c t i v i t i e s  a re  s im i la r  to  th e  EAT c e l l  p h o sp h o ty ro sy l p r o te in  
p h o sp h a ta se  a c t i v i t y  p re v io u s ly  c h a r a c te r iz e d  by M artensen , T. M .,(1982) 
and E o r le in  e t  a l . ,  (1 9 8 2 ), in  t h a t  th e  p h o sp h a tases  a re  n e u t r a l  and 
t h i o - s e n s i t i v e .
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2+F ig u re  24 The Mg -dependence  o f Peak I  p h o sp h o ty ro sy l p h o sp h a ta se . 
A liq u o ts  o f Peak I  (4  ug) w ere in cu b a ted  fo r  15 min a t  37°C, in  a 
r e a c t io n  m ix tu re  (500 u l )  c o n s is t in g  o f  80 mil T ris-H C l pH 7 .5 ,  10 mil 
p h o sp h o ty ro s in e  , 1 ml-I DTT, p lu s  th e  in d ic a te d  MgCl^. 800 u l  o f KG/AM/T 
was added to  200 u l  o f th e  r e a c t io n  m ix tu re  and th e  r e l e a s e  o f  in o rg a n ic  
P i was d e te rm in ed  by th e  L a n z e tta  method as  d e s c r ib e d  u n d er M a te r ia ls  
and M ethods. The d a ta  shown i s  r e p r e s e n ta t i v e  o f  s ix  s e p a ra te  
e x p e rim e n ts . The d a ta  shown a re  th e  a v e ra g e s  o f  a  d u p l ic a te  
d e te rm in a tio n s  f o r  each  ex p e rim e n t. D u p lic a te s  w i th in  each  experim ent 
were w ith in  3 -5  %.










F ig u re  25
S a tu ra t io n  p lo t  o f th e  Peak I  M g^^-dependent P h o sp h o ty ro sy l p h o sp h a ta se  
a c t i v i t y  a s  a  fu n c t io n  o f th e  in d ic a te d  s u b s t r a t e  (P h o sp h o ty ro s in e )  
c o n c e n t r a t io n .  In  t h i s  f ig u re  'S '  r e p r e s e n t s  th e  s u b s t r a te  
c o n c e n t ra t io n  in  inM, w hereas 'V ' r e p r e s e n ts  th e  v e lo c i ty  o f th e  r e a c t io n  
in  nm oles o f  P i  r e le a s e d  min  ^ mg o f p r o te in " ^ .  The i n s e t  i s  a 
r e c ip r o c a l  p l o t  o f th e  same d a ta  which i s  r e p r e s e n ta t i v e  o f  6 s e p a r a te  
e x p e r im e n ts . D u p lic a te s  in  each experim en t w ere w i th in  4%. The d a ta  
shown a re  th e  av e ra g e s  o f  a d u p l ic a te  d e te rm in a tio n s  f o r  each 








F ig u re  26 The M n^^-dependence o f  Peak I  p h o sp h o ty ro sy l p h o sp h a ta se .
2+A ssays were perfo rm ed  a s  in  F ig u re  24 e x c ep t t h a t  Kg h as  been
2+s u b s t i tu t e d  f o r  th e  in d ic a te d  c o n c e n tra t io n  o f Kn and 20 ug o f  
p r o te in  was u se d  in s te a d  o f  4 ug o f p r o t e i n .  The d a ta  shown i s  
r e p r e s e n ta t iv e  o f  th re e  s e p a ra te  experim en ts  and a re  th e  a v e ra g e s  of a 
d u p l ic a te  d e te rm in a tio n s  f o r  each e x p e rim e n t. D u p lic a te s  w i th in  each 
experim en t w ere w ith in  5 %.
n m o le s  o f  P i /m in /m g  protein
EOT
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T ab le  V II
EFFECT OF DTT OK PEAK I PHOSPHOTYROSYL PHOSPHATASE.
S p e c if ic  A c t iv i ty  
(nmole o f  P i min~^ mg p r o te in " !  )
-DTT 27
+DTT 85
A liq u o ts  o f Peak I  (4  ug) were in cu b a ted  f o r  15 m in a t  
37 °C i n  a r e a c t io n  m ix tu re  (500 u l )  c o n s is t in g  o f 80 mM 
T ris-H C l pH 7 .5 ,  20 mM NgCl^, 10 mi'l p h o s p h o ty ro s in e , in  the  
p re se n c e  and absence  o f  1 ml! DTT. 800 u l  o f MG/AM/T was added to  
200 u l  o f  t h i s  r e a c t io n  m ix tu re  and was a ssa y e d  f o r  th e  amount of 
in o rg a n ic  P i  r e le a s e d  in  th e  r e a c t io n  m ix tu re  by th e  L a n z e tta  
Method as  d e s c r ib e d  under M a te r ia ls  and M ethods. The d a ta  shown i s  
r e p r e s e n ta t i v e  o f  th r e e  s e p a ra te  e x p e rim e n ts . The d a ta  shown a re  
th e  a v e ra g e s  o f  a  d u p l ic a te  d e te rm in a tio n  f o r  each  ex p e rim e n t. 
D u p lic a te s  i n  each experim ent were w i th in  2 %.
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3 .11
pH PROFILE OF PEAK I. PHOSPHOTYROSYL PHOSPHATASE
As seen  i n  F ig u re  27, Che pH optimum i s  abou t 7 .3 ,  in d ic a t in g  th a t  
th e  EAT c e l l  Peak I  f r a c t i o n  c o n ta in s  a  n e u t r a l  p h o sp h o ty ro sy l 
p h o s p h a ta s e . The pH optimum was de te rm ined  u s in g  a s e r i e s  o f  T ris-H C l 
b u f f e r s .  The p E 's  p lo t t e d  in  F ig u re  27 were th e  pH 's o f  th e  com plete 
r e a c t io n  m ix tu re .
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F ig u re  27 pH optimum fo r  p h o sp h o ty ro sy l p h o sp h a ta se  a c t i v i t y .  4 ug o f 
Peak I  was in cu b a ted  f o r  15 min a t  37 ®C i n  an a ssay  medium (500 u l)  
c o n s is t in g  o f  80 mM T ris-H C l, a t  d i f f e r e n t  pHs; 5, 5 .5 ,  6 , 6 .5 ,  7 ,  7 .5 ,  
8 , 8 .5 ,  9 , 9 .5 ,  and 20 mM MgCl^, 10 mM p h o sp h o ty ro s in e , and 1 mM DTT. 
The pH 's  p lo t t e d  a re  th e  pH 's o f  th e  com plete  r e a c t io n  m ix tu re . The
r e le a s e  o f  in o rg a n ic  P i  was d e te rm in e d  a s  d e sc r ib e d  under F ig u re  24 .
The d a ta  shown i s  r e p r e s e n ta t iv e  o f  th re e  s e p a ra te  ex p erim en ts  and a re
th e  a v e ra g e s  o f  a d u p l ic a te  d e te rm in a tio n s  fo r  each ex p e rim e n t.
D u p lic a te s  w i th in  each experim ent were w i th in  5 %.









EFFECT OF INHIBITORS ON PEAK 1 PHOSPHOTYROSYL PHOSPHATASE
As d isc u s s e d  e a r l i e r  in  s e c t io n  3 .5 .6 ,  le v a m iso le  i s  a  common 
i n h ib i to r  o f a lk a l in e  p h o sp h a ta se s  (Van B e l le ,  1972) w h ile  v an ad a te  i s  
c o n s id e red  to  be p o te n t i n h i b i t o r  o f  b o th  p h o sp h o ty ro sy l p r o te in  
ph o sp h a ta se  (Swarup e t  a l . ,  1982) and a lk a l in e  p h o sp h a ta se s  (Lopez e t  
a l . ,  1 9 7 6 ). These in h ib i to r y  a c t i v i t i e s  a re  co m p le te ly  o p p o s ite  o f  what 
we o b se rv e  w ith  Peak I  p h o sp h o ty ro sy l p h o sp h a ta se . We found t h a t  
n e i th e r  1 mïî le v a m iso le  n o r  1 mK v a n a d a te  i n h ib i t s  th e  d ép h o sp h o ry la tio n  
of p h o sp h o ty ro s in e  by Peak I  p h o sp h o ty ro sy l p h o sp h a ta se .
M artensen , (1 9 8 2 ), F ou lkes e t  a l . ,  (1 9 8 3 ), and H o r le in  e t  a l . ,  
(1 9 8 2 ), r e p o r te d  t h a t  n e u t r a l  p h o sp h o ty ro sy l p r o te in  p h o sp h a ta se s  a re  
in h ib i te d  by m icrom olar c o n c e n tra t io n s  o f ZnClg. T h is  was a ls o  seen  to  
be th e  case  w ith  our Peak I  p h o sh o ty ro sy l p h o sp h a ta se  w hich was 
in h ib i te d  about 40% a t  50 uM c o n c e n t r a t io n  and com plete  i n h ib i t i o n  of 
th e  enzyme was seen  a t  1 mM ZnClg (T a b le  V I I I ) .
U nlike the p h o sp h o ty ro sy l p r o te in  p h o sp h a ta ses  i s o l a te d  by o th e r  
w o rk e rs , (B ra u tig a n  e t  a l . ,  1982; F ou lkes e t  a l . ,  1983; & M artensen , 
1982), we have seen  th a t  EAT c e l l  Peak I  p h o sp h o ty ro sy l pho sp h a tase  was 
in h ib i te d  by f l u o r i d e .  As shown in  F ig u re  28, 250 uM of NaF i n h ib i t s  
abou t 51% o f  th e  a c t i v i t y .
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T a b le  V II I
EFFECT OF Zn^+ ION ON PEAK I  PHOSPHOTYROSYL PHOSPHATASE
ZnClg S p e c if ic  a c t i v i t y
(mK) (nm oles P i  r e le a s e d  m in  ^ mg p r o te in
0 93
0 .05 55
0 .1 0 30
0 .25 25
0 .5 0 17
1 .0 0 0
A liq u o t o f  Peak I  (4  ug) w ere in c u b a te d  f o r  15 m in a t  37°C 
in  a r e a c t io n  m ix tu re  c o n s is t in g  og 80 mil T r i s —HCl pH 7 .5 ,  20 mîl 
MgClg, 10 mil p h o sp h o ty ro s in e  , 1 mM DTT and th e  in d ic a te d  
amount o f ZnClg. The amount o f  in o rg a n ic  P i  r e le a s e d  was 
d e te rm in e d  as  d e s c r ib e d  under T ab le  V I I .  The d a ta  shown i s  
r e p r e s e n ta t i v e  o f  s ix  s e p a r a te  experim en ts  perform ed w ith  th re e  
d i f f e r e n t  p r e p a r a t io n s  o f th e  enzyme. The d a ta  shown a re  th e  
a v e ra g e s  o f  a  d u p l ic a te  d e te rm in a tio n s  fo r  each  e x p e rim e n t. 
D u p lic a te s  in  each  o f  th e  s ix  ex p erim en ts  w ere w ith in  3%.
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F ig u re  28 F lu o r id e  i n h ib i t i o n  o f EAT c e l l  Peak I  M g^^-dependent 
p h o sp h o ty rc sy l p h o sp h a ta se . A liq u o ts  of Peak I  (4  ug) f r a c t i o n  were 
a ssa y e d  as  d e s c r ib e d  under M a te r ia ls  and M ethods, s e c t io n  2 .8 ,  in  the  
p re se n c e  o f  the  b u f fe r  system  d e s c r ib e d  in  F ig u re  24 p lu s  th e  in d ic a te d  
amount o f  NaF. The d a ta  shown i s  r e p r e s e n ta t iv e  o f s i x  s e p a ra te  
e x p e rim en ts  and a re  th e  av erag es  o f a d u p l ic a te  d e te rm in a tio n s  f o r  each 
e x p e rim e n t. D u p lic a te s  w i th in  each  experim ent w ere w ith in  2 %.




C hap ter IV 
DISCUSSION
2+The r e s u l t s  p re s e n te d  h e re  su g g e s t t h a t  Mg -d ep en d en t and
K n^^-dependent p h o sp h o ty rc sy l p h o sp h a ta se  a c t i v i t i e s  and M g^^-dependent 
2+and Kn -dependen t PNPPase a c t i v i t i e s  a re  p re s e n t in  th e  p o s tc ic ro s o n a l  
s u p e rn a ta n t o f EAT c e l l  hom ogenates.
Two peak f r a c t i o n s  were r e s o lv e d  by a two s te p  ch rom atograph ic  
p ro c e d u re , g e l f i l t r a t i o n  chrom atography and a n io n  exchange 
chrom atography. These two peak  f r a c t i o n s  were i n i t i a l l y  c h a ra c te r iz e d  
u s in g  th e  n o n p ro te in  e s t e r ,  PNPP, a s  a  s u b s t r a t e .  The Peak I  and th e
Peak I I  f r a c t i o n s  w ere compared a s  hav in g  a  M g^^-dependent PNPPase
a c t i v i t y  and as  hav ing  a  K n^^-dependent PNPPase a c t i v i t y .  The two 
PNPPase f r a c t i o n s  were found t o  be s im i la r  in  th a t  they  b o th  e lu te  from  
a  c a l i b r a t e d  Sephadex G-150 column in  th e  15 ,000 -30 ,000  d a lto n  ran g e  
(F ig u re  5 ) ,  hyd ro ly ze  PNPP o n ly  in  the  p re se n c e  o f e i t h e r  e s s e n t i a l  Mg 
o r  Kn^^ io n s , have n e a r ly  i d e n t i c a l  Mn^^/ Mg^ '*’ s t im u la t io n  r a t i o s ,  and 
a re  in h ib i te d  in  th e  same fa s h io n  by py rophosphate  (F ig u re  20 and F ig u re  
2 1 ) , b u t a re  no t in h ib i te d  by le v a m is o le .
The o f th e  n o n -p ro te in  e s t e r  PNPP, was determ ined  in  th e  p re se n c e
of e i t h e r  Mg^^ o r  Mn^^ io n s  f o r  th e  Peak I  f r a c t i o n .  In  th r e e  
e x p e rim e n ts , done in  th e  p re se n c e  of Mg^^ io n s , v a lu e s  o f 0 .8 9 , 0 .6 1 , 
and 0 .76  mM (F ig u re  15) and v a lu e s  o f 91 , 104, and 58 nmoles o f
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PNPP h y d ro ly zed  min~^ mg of p r o te in  were o b ta in e d  r e s p e c t i v e ly .  For
an a d d i t io n a l  experim en t a v a r i a n t  s e t  o f r e s u l t s  was o b ta in e d . In  t h i s
l a t t e r  c a se , th e  in  th e  p re se n c e  o f  was 1 .16  mM and th e  was
34 nmoles o f PNPP h y d ro ly z e d  m in ^ mg o f  p r o te in  ^ .
S im i la r ly ,  in  th re e  e x p e r im e n ts , th e  and w ere de te rm in ed  in
2+th e  p re se n c e  o f Kn io n s .  The K v a lu e s  o b ta in e d  in  t h i s  c a se  werem
0.1 2 , 0 .103 , and 0.09 mM (F ig u re  1 6 ) , w ith  a  of 307, 238, and 352
nm oles of PNPP h y ro ly z e d  m in  ^ mg o f  p r o te in  ^ , r e s p e c t iv e ly .  For an
a d d i t io n a l  experim ent a  v a r i a n t  s e t  o f  r e s u l t s  was o b ta in e d . In  t h i s
2+l a t t e r  c a se , th e  K in  th e  p re se n c e  o f  Mn was 1 .05  ml-I and th e  V wasm max
77 nm oles o f PNPP h y d ro ly z e d  min ^ mg o f  p r o te in  ^ .
I t  should  be n o ted  t h a t  th e  o f  91 and 104 nm oles o f  PNPP
hydro lyzed  min~^ mg o f p r o te i n   ^ o b ta in e d  f o r  M g^^-dependent PNPPases 
and th e  307 , 238 , and 352 nmoles o f  PNPP h y d ro ly zed  min  ^ mg of
p r o te in ”  ^ o b ta in e d  fo r  th e  M n^^-dependent PNPPases a r e  v e ry  s im i la r  to  
the  s p e c i f i c  a c i t v i t y  v a lu e s  o b ta in e d  r o u t in e ly  f o r  th e se  PNPPases. 
However, th e re  does e x i s t  a v a r i a t i o n  in  th e  v a lu e s  m easured which 
co n ce iv ab ly  cou ld  a r i s e  from  the  d i f f e r e n c e s  in  th e  d i f f e r e n t
p re p a ra t io n s  o f th e  PNPPases an d / o r  th e  age o f a p a r t i c u l a r  p r o te in
sam ple.
D e sp ite  th e s e  s i m i l a r i t i e s  th e r e  a r e  s e v e r a l  l i n e s  o f  ev idence  
su g g e s tin g  t h a t  th e s e  two PNPPase a c t i v i t i e s  a r e  d i s t i n c t  e n t i t i e s  
(T ab le  IX ) . The m ost o b v io u s  d i f f e r e n c e  betw een th e  two i s  t h a t  the 
Peak I  Mg^^- o r  M n^^-dependent PNPPases a re  alw ays two to  f o u r  tim es 
more a c t iv e  th an  th e  Peak  I I  Mg^*- or K n^^-dependent a c t i v i t i e s  from the
T a b l e  IX
COMPARISON OF PEAK I AND PEAK II PNPPases
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same p re p a ra tio n s  when assayed  a t  pH 7 .5  . A lso , th e  PNPPase a c t i v i t y  pH
p r o f i l e .  F ig u re  1 4 , shows t h a t  th e  Peak I I  enzyme i s  m axim ally a c t iv e
o v e r a r e l a t i v e l y  b road  pH ran g e  in  T ris-H C l w h ile  th e  Peak I  enzyme
a c t i v i t y  d e c re a se s  s ig n i f i c a n t l y  as  pH i s  in c re a s e d  above 7 .5 .  With
re g a rd  to  th e  e f f e c t s  o f  p o t e n t i a l  i n h ib i to r s  b in d in g  to  th e  EAT c e l l
2+PNPPases, i t  was found th a t  th e  Peak I  Mg -d ep en d en t PNPPase i s  more 
s e n s i t i v e  to  f lu o r id e  (F ig u re  17) and phosphate  (F ig u re  18) i n h ib i t i o n s  
th a n  th e  Peak I I  Mg ^ ''’-d ep en d en t PNPPase. In  f a c t ,  0.1 mM pho sp h a te  
a c tu a l ly  s t im u la te s  th e  Peak I I  M g^^-dependent PNPPase by ab o u t 66% 
(F ig u re  1 9 ) .  U n fo r tu n a te ly , i t  i s  u n l ik e ly  th a t  th e  s ig n i f ic a n c e  of 
t h i s  c u rio u s  phenomenon w i l l  be  r e v e a le d  b e fo re  th e  p h y s io lo g ic a l  r o le  
o f  t h i s  enzyme i s  de te rm in ed . A d d it io n a l  d i f f e r e n c e s  betw een th e  two 
enzymes w ere in d ic a te d  by th e  r e s u l t s  from  t r y p s in  i n a c t iv a t io n  s tu d ie s  
(F ig u re  22 and T ab le  IV ). The Peak I  M g^^-dependent PNPPase i s  more 
s e n s i t i v e  to  t r y p s in o ly s i s  th a n  th e  Peak I I  M g^^-dependent PNPPase 
w hereas th e  Peak I I  M h^*-dependent PNPPase i s  more s e n s i t iv e  to  t r y p s in  
th a n  the  Peak I  M n^^-dependent a c t i v i t y .  F u therm ore , th e  p re se n c e  of 
Mg^ "*" o r Mn^^ in  th e  t r y p s in o ly s i s  p re in c u b a tio n  m ix tu re  p r o te c te d  th e  
Peak I I  enzyme, b u t n o t the  Peak  I  PNPPase a g a in s t  t r y p t i c  i n a c t iv a t io n ,  
and the  Peak I I  PNPPases were b e t t e r  p r o te c te d  a g a in s t  t r y p s in o ly s i s  by 
PNPP than  the Peak I  PN PPases. The Peak  I I  PNPPases w ere a l s o  more 
s u s c e p t ib le  to  i n a c t iv a t io n  by 1 mM NEM (T ab le  V ), bu t l e s s  s e n s i t iv e  to 
h e a t  in a c t iv a t io n  (F ig u re  23) th a n  the  Peak I  PNPPase enzyme. Even more 
s t r i k i n g  d i f f e r e n c e s  betw een th e  two PNPPase f r a c t i o n s  a re  e v id e n t  from 
a  com parison  o f th e  e f f e c t s  o f  Mg^^ and  Mn^^ b in d in g  on enzyme h e a t
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tre a tm e n t (T ab le  V I) . C a tio n s  were shown to  p r o te c t  th e  Peak I  PNPPases
2+a g a in s t  h e a t  i n a c t iv a t io n  w h ile  th e  Peak I I  Mg -dependen t PNPPase was
d e s ta b i l i z e d  by Mg^^ and th e  Peak I I  M n^^-dependent PNPPase was 
2+a c t iv a te d  by Mn . F u rth e rm o re , when Peak I  and Peak I I  PNPPases w ere 
su b je c te d  to  the  Z n ^ * -im in o d ia c e ta te  a g a ro se  column (F ig u re s  12 & 1 3 ) , 
i t  was found th a t  Peak  I  PNPPase f r a c t i o n  bound to  th e  Z n ^ ^ -c h e la te d
column and was e lu te d  by 20 mM h i s t i d i n e ,  w hereas Peak I I  f r a c t i o n  b in d
2+  2+ not bind a t  to  the  Zn - c h e la te d  colum n. A lthough , Zn - a f f i n i t y  colum n
did  n o t prove u s e fu l  f o r  p u r i f i c a t i o n ,  experim en ts  w ith  th e  
2+Zn - a f f i n i t y  columns w ere u s e fu l  in  r e v e a l in g  a s p e c i f ic  i n t e r a c t io n  o f
Zn^* and th e  Peak I  f r a c t i o n  w hich was n o t p re s e n t w ith  th e  Peak I I
f r a c t i o n .  The r e s u l t  s u g g e s ts  th a t  th e  Peak I  f r a c t i o n  p ro b ab ly  has  a 
2+Zn b in d in g  s i t e .
Three d i s t i n c t  m e ta l io n  b in d in g  s i t e s  have been  e x te n s iv e ly
c h a ra c te r iz e d  on an a lk a l in e  ph o sp h a tase  from E.  c o l i . (Coleman and
G e t t in s ,  1983 ), and two s e ts  o f  m e ta l ion  b in d in g  s i t e s  have been shown
to be p re s e n t  on a lk a l in e  p h o sp h a ta se  from bovine k idney  (C a th a la  e t
a l . ,  1975 ). Our r e s u l t s  su g g e s t th a t  b o th  the  EAT c e l l  Peak I  and Peak
I I  PNPPases p o sse ss  a t  l e a s t  two d i s t i n c t  c a tio n  b in d in g  s i t e s .
2+  2+A l te r n a t iv e ly ,  th e  b in d in g  o f  Kg o r  Mn s t a b i l i z e  two d i s t i n c t  
co n fo rm atio n a l s t a t e s  in  th e s e  enzymes (T ab le  X ). P e rhaps th e  b e s t  
ev idence in  support o f  e i t h e r  th e  e x is te n c e  o f s e p a ra te  b in d in g  s i t e s  
fo r  Mg^^ and Kn^^ o r  th e  e x is te n c e  o f  two d i s t i n c t  c a t i o n - s t a b i l i z e d  
c o n fo rm atio n a l s t a t e s  i s  th e  f a c t  th a t  d u rin g  th e  h e a t tre a tm e n t o f Peak 
I I  PNPPase a t  60 °C, th e  p re se n c e  o f  Mn^^ in  th e  p re in c u b a tio n  m ix tu re
T a b l e X
EVIDENCE TO SUPPORT TWO DIFFERENT BINDING SITES FOR AND OR
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2+a c t i v a t e s  Peak I I  w h ile  under s im i la r  c o n d it io n s  th e  p re se n c e  o f  Hg
enhances th e  th e rm a l i n a c t iv a t io n  o f  the  enzyme (T ab le  V I) . The
com parison betw een M n^^-dependent and M g^^-dependent Peak I  and Peak I I
PNPPase i n h ib i t i o n s  by f lu o r id e  i s  a ls o  p a r t i c u l a r l y  no tew orthy  in  tb s
re g a rd  (F ig u re  1 7 ) .  When e i t h e r  th e  Peak I  and Peak I I  PNPPase enzymes
2+a re  a c t i v a t e d  by Mn , v e ry  l i t t l e  f lu o r id e  i n h ib i t i o n  o f  PNPPase i s
2+o b se rv e d , w h ile  u n d er th e  same c o n d it io n s  th e  Mg -d ep en d en t a c t i v i t i e s
2+a re  c o n s id e ra b ly  more i n h ib i t e d .  M oreover, Mn -d ep en d en t Peak I  and
Peak I I  PNPPases a re  more th an  1 0 0 -fo ld  more s e n s i t iv e  to  i n h ib i t i o n  by
2+p y rophospha te  th a n  th e  same p r o te in s  assayed  f o r  Mg -d ep en d en t a c t i v i t y
(F ig u re s  20 & 2 1 ) . I t  shou ld  a ls o  be no ted  th a t  N EM -treated Peak I
PNPPase a p p e a rs  to  be more co m p le te ly  in a c t iv a te d  compared to  u n tre a te d
c o n tr o l s  when a ssa y e d  a s  a M g^^-dependent enzyme th an  when a ssa y e d  fo r
M n^^-dependent a c t i v i t y  (T ab le  V ). F u rth e rm o re , when a l i q u o ts  o f Peak I
PNPPase enzyme t r e a t e d  w ith  5 ugs o f t r y p s in  a r e  su b se q u e n tly  a ssay ed
f o r  a c t i v i t y ,  th e  M h^*-dependent PNPPase i s  on ly  34% in a c t iv a te d
2+compared to  u n t r e a te d  c o n t r o l s ,  w h ile  the  Mg -d ep en d en t PNPPase i s
2+about 75% in a c t iv a te d  (F ig u re  2 2 ) , and t h a t  Kg p ro v id e s  g r e a t e r
2+p r o te c t io n  a g a in s t  Peak I I  PNPPase t r y p t i c  i n a c t iv a t io n  th a n  does Kn 
(T ab le  IV ).
A lthough  i t  i s  c e r t a i n l y  f e a s i b le  th a t  each  o f  th e  EAT c e l l  Peak I
2+and Peak I I  f r a c t i o n s  cou ld  c o n ta in  d i s t i n c t  Kg -d ep e n d e n t and 
M n^^-dependent PNPPases o r  m u l t ip le  c o p ie s  o f  e a ch , a s  ev idenced  by th e  
many p r o te i n  bands on th e  7% D avis n a t iv e  p o ly ac ry la m id e  g e ls  (F ig u re  
1 1 ) , th e r e  a re  enough s i m i l a r i t i e s  betw een th e  two d iv a le n t  c a t io n
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a c t iv a te d  PNPPases th a t  le a d  us to  b e lie v e  t h a t  t h i s  p o s s i b i l i t y  i s  
u n l ik e ly  and t h a t  each Peak I  and Peak I I  PNPPase c o n ta in s  a t  l e a s t  one 
b in d in g  s i t e  each f o r  and Mn^^.
S ince  on ly  p a r t i a l  in a c t iv a t io n s  o f  th e  EAT c e l l s  PNPPases were 
o b ta in e d  by NEM o r  t r y p s in  t re a tm e n t ,  i t  could be argued th a t  each  EAT 
c e l l  PNPPase f r a c t i o n  c o n ta in s  a t  l e a s t  one PNPPase w ith  c a t a l y t i c a l l y  
e s s e n t i a l  s u lf h y d r y l  g roups w hich i s  com p le te ly  in a c t iv a te d  by NEM, a 
second enzyme w hich i s  in s e n s i t i v e  to  s u lfh y d ry l  m o d if ic a tio n , an enzyme 
w ith  c a t a l y t i c a l l y  e s s e n t i a l  a rg in y l  o r  ly s y l  r e s id u e s  which i s  t o t a l l y  
in a c t iv a te d  by t r y p s in o ly s i s  , and an an o th e r  enzyme which i s  u n a ffe c te d  
by t r y p s i n .  I f  t h i s  i s  t r u e ,  th e n  each  PNPPase f r a c t io n  would c o n ta in  
two or more p h o s p h a ta s e s . A l t e r n a t iv e ly ,  th e  e s s e n t i a l  a rg in y l  o r  ly s y l  
re s id u e s  and s u lf h d r y l  groups cou ld  l i n k  enzyme domains w hich c o n tr ib u te  
s t r u c t u r a l l y  tow ard  maximal r e a c t io n  r a t e s  r a t h e r  th an  p a r t i c i p a t e  
c a t a l y t i c a l l y  in  th e  r e a c t io n  m echanism s.
T h e re fo re , th e s e  r e s u l t s  su g g e s t th a t  the  Peak I  and th e  Peak I I
PNPPases a re  s im i la r  y e t  u n iq u e ly  in d iv id u a l  p h o sh a ta se s  each  o f  which
must be a c t iv a te d  by e i t h e r  Mg^^ o r  Mn^^ b in d in g  to  th e  enzyme. I n  t h i s
m odel, compared to  th e  Mn^^ s t a b i l i z e d  a c tiv e  s i t e s ,  th e  Mg^* s t a b i l i z e d
a c t iv e  s i t e s  a re  r e l a t i v e l y  a c c e s s ib le  to  f lu o r id e ,  bu t in a c c e s s ib le  to
2+pyrophosphate  f o r  th e  Peak I  and th e  Peak I I  PNPPases, and th e  Mg 
s t a b i l i z e d  enzyme i s  th e rm a lly  d e s ta b i l i z e d  i n  Peak I I  and i s  more 
s e n s i t iv e  to  s u lf h d r y l  group m o d if ic a tio n  in  Peak I  th an  compared to  the  
Peak I I  PNPPase.
1 2 0
When Peak I  and Peak I I  f r a c t i o n s  w ere f u r th e r  c h a ra c te r iz e d  u s in g  
p h o sp h o ty ro s in e  and p h o sp h o se rin e  a s  s u b s t r a te s  i t  was found t h a t  th e  
Peak  I  f r a c t i o n  was more a c t i v e  tow ard p h o sp h o ty ro s in e  (104 nmole o f  P i  
r e l e a s e d  m in ^ mg p r o te in  ^) th an  p h o sp h o serin e  (10 nmoles o f  P i 
r e l e a s e d  m in  ^ mg p r o te in ” ^) w hereas th e  Peak I I  f r a c t i o n  was more 
a c t i v e  toward p h o sp h o se rin e  (107 nm ole o f  P i r e le a s e d  m in  ^ mg 
p r o te in  than  p h o sp h o ty ro s in e  (25 nmole of P i  r e le a s e d  m in  ^ mg 
p r o te i n  ^ ) .  T h is  su g g e s ts  t h a t  th e  Peak I  f r a c t i o n  has p h o sp h o ty ro sy l 
p h o sp h a ta se  a c t i v i t y  and t h a t  th e  Peak I I  f r a c t i o n  has p h o sp h o serin e  
p h o sp h a ta se  a c t i v i t y .  F o u lk es  e t  a l . ,  (19S 3), found t h a t  the  
p h o sp h o ty ro sy l p r o te in  p h o sp h a ta se  they  i s o l a te d  in  a more p u r i f ie d  form 
had  h ig h  s p e c i f i c i t y  tow ard p h o sp h o ty ro sy l p r o te in s  and showed l i t t l e  
s p e c i f i c i t y  toward p h o sp h o sery l p r o te in s .  A lso , Heng Chun L i e t  a l . ,  
(1 9 8 4 ) , i s o la te d  an a c id  p h o sp h a ta se  w hich was found to  c o n ta in  h ig h  
s p e c i f i c i t y  toward p h o sp h o ty ro sy l r e s id u e s  and l i t t l e  a c t i v i t y  tow ard 
s e v e r a l  phosphosery l and p h o sp h o th reo n y l p r o te in s .  S ince i t  was seen 
(F ig u re  6) th a t  th e  Peak I  f r a c t i o n  e lu t e s  a t  120 mM s a l t  c o n c e n tra t io n  
and th e  Peak I I  f r a c t i o n  e lu t e s  a t  160 mM s a l t  c o n c e n tra t io n , th e  
p re s e n c e  of low le v e ls  o f p h o sp h o sery l p h osphatase  in  th e  p h o sp h o ty ro sy l 
p h o sp h a ta se  f r a c t i o n  (Peak I ) , and th e  p resen ce  of low le v e l s  o f 
p h o sp h o ty ro sy l p h o sp h a tase  in  th e  p h o sp h o sery l p h o sp h a tase  f r a c t i o n  
(P eak  I I )  cou ld  be due to  c r o s s -  c o n ta m in a tio n  from incom plete  p r o te in  
r e s o lu t io n  d u rin g  DEAE-Sephacel Chrom atography.
When Peak I  f r a c t i o n  enzyme which c o n ta in e d  more s p e c i f i c i t y  tow ard 
p h o sp h o ty ro s in e  was f u r t h e r  c h a r a c te r iz e d  w ith  r e s p e c t  to  o p tim iz in g
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Table_XI
COMPARISON OF THE PROPERTIES OF THE PEAK I 





cations, Mg^+or Mn 
for activity
No Inhibition





Isolated by Swarup 
et al, Leis and 




502 Inhibition by 
250 uM of F
40% inhibition by 
50 uM ZnCl,
Inhibits only acid 
phosphatase isolated 
by Heng Chun LI et al.
Inhibits the neutral 
phosphatase isolated 
by Brautlgan et al, 
Foulkes et al and 
alkaline phosphatase 
by Chernoff et al.
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a ssay  c o n d it io n s  and th e  e f f e c t  o f  p o t e n t i a l  i n h i b i t o r s ,  i t  was found
th a t  t h i s  a c t i v i t y  ap p e ars  to  be s i g n i f i c a n t l y  d i f f e r e n t  from the
p h o sp h o ty ro sy l p r o te in  p h o sp h a ta ses  r e p o r te d  by o th e r  in v e s t ig a to r s ,
(T ab le  X I ) ,  (B ra u tig a n  e t  a l . ,1 9 8 2 ;  F o u lk es  e t  a l . ,1 9 8 1  & 1983; L e is  e t
a l . ,1 9 8 2 ;  C herno ff e t  a l . ,1 9 8 3 ;  and Swarup e t  a l . ,  1 9 8 2 ), in  th a t  i t
r e q u i r e s  e s s e n t i a l  d iv a le n t  c a tio n s  f o r  a c t i v i t y  (F ig u re s  24 & 2 6 ) . In
th e  ab sen c e  o f c a t io n  no a c t i v i t y  i s  o b se rv e d . V anadate , which was
shown by Swarup e t  a l  . , ( 1 9 8 2 ) ;  C h e rn o ff e t  a l . ,  (1 9 8 3 ), and Heng Chun
L i e t  a l  . ,  (1 9 8 4 ), to  be a p o te n t i n h ib i to r  o f p h o sp h o ty ro sy l p ro te in
2+p h o s p h a ta s e , does not in h ib i t  Mg -d ep e n d e n t p h o sp h o ty ro sy l phosphatase
from EAT c e l l  honog en a te . B ra u tig a n  e t  a l . ,  (1 9 8 2 ), Swarup e t  a l . ,
(1 9 8 2 ), Fou lkes e t  a l . ,  (1 9 8 3 ), L e is  e t  a l . ,  (1 9 8 2 ) , and C hernoff e t
a l . ,  (1 9 8 3 ) , r e p o r te d  th a t  f lu o r id e  does n o t i n h i b i t  p h o sp h o ty ro sy l
p r o te in  p h o sp h a ta se s , w h ile  we found t h a t  f lu o r id e  does i n h ib i t
d e p h o sp h o ry la tio n  of p h o sp h o ty ro s in e  by th e  EAT c e l l  p h o sp h o ty ro sy l
p h o sp h a ta se  (F ig u re  2 8 ) . The p h o sp h o ty ro sy l p r o te in  p hospha tases
d e s c r ib e d  by B ra u tig e n  e t  a l . ,  (1 9 8 2 ), F ou lkes  e t  a l . ,  (1 9 8 3 ), L e is  e t
a l . ,  (1 9 8 2 ) , and C hernoff e t  a l . ,  (1 9 8 3 ) , a re  i n h ib i te d  by m icrom olar
2+c o n c e n tra t io n s  o f ZnClg. S im i la r ly ,  we found t h a t  th e  Kg -dependen t 
Peak I  p h o sp h o ty ro sy l phosphatase  i s  a ls o  in h ib i te d  by ZnCl^ (50 uM of 
ZnClg i n h ib i t s  th e  enzyme about 40%) (T ab le  V I I I ) .
The of th e  s u b s t r a te  p h o s p h o ty ro s in e , was d e te rm in ed  in  the
p re se n c e  o f 20 mM Mg^^ ions (F ig u re  2 5 ) . In  fo u r  s e p a ra te  ex p e rim en ts , 
v a lu e s  o f  1 .2 ,  3 .5 ,  5 .2 , and 3 .8  mM and V ^ ^  v a lu e s  o f 104 , 92, 124, 
and 104 nm oles P i  r e le a s e d  min~^ mg of p ro te in " ^  w ere o b ta in e d .
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r e s p e c t iv e ly .  I n  two a d d i t io n a l  experim en ts  a v a r ia n t  s e t  o f r e s u l t s  
were o b ta in e d . I n  t h i s  l a t t e r  c a s e ,  v a lu e s  o f 4 .5  and 55 mM and
v a lu e s  o f  455 and 611 nm oles o f P i  r e le a s e d  m in”  ^ mg o f  p r o te in  ^ , were 
o b ta in e d , r e s p e c t iv e ly .  We have no way to acco u n t f o r  th e  v a r i a b i l i t y  of 
th e s e  r e s u l t s .  I t  should  be n o ted  t h a t  th e  of 104, 92, and 124 a re
ve ry  s im i la r  to  th e  s p e c i f i c  a c t i v i t y  v a lu e s  u s u a lly  m easured f o r  t h i s  
p h o sp h o ty ro sy l p h o sp h a ta se  a c t i v i t y  in  t h i s  s tu d y .
From the  r e s u l t s  i t  i s  seen  t h a t  Peak I  f r a c t i o n  c o n ta in s  bo th
PNPPase and p h o sp h o ty ro sy l p h o sp h a ta se  a c t i v i t i e s  (T ab le  X I I ) .  I t  i s
no ted  from  th e  r e s u l t s  t h a t  th e s e  two a c t i v i t i e s  r e q u i r e  e s s e n t i a l
o r  Mn^ '*’ f o r  t h e i r  a c t i v i t y .  However, th e  s t im u la t io n  r a t i o  o f  Mn^^/
Mg^ '*’ i s  d i f f e r e n t .  W hile th e  Peak I  p h o sp h o ty ro sy l p h o sp h a ta se
s tim u la t io n  r a t i o  i s  1 :2  (Mn^^/ th e  Peak I  PNPPase s t im u la t io n
r a t i o  i s  2 - 6 :1 .  DIT s t im u la te s  bo th  th e  Peak I  p h o sp h o ty ro sy l
p h o sp h a tase  a c t i v i t y  and th e  PNPPase a c t i v i t y ,  hence b o th  a re
t h io - s e n s i t i v e  enzymes. The pE p r o f i l e s  (F ig u re s  14 & 27) show th a t
b o th  enzymes have maximal a c t i v i t y  a t  n e u t r a l  pH ( 7 .3 — 7 .5 ) ,  and th a t
th e  a c t i v i t y  d e c re a s e s  as th e  pH in c re a s e s  above 7 .5 .  F u r th e rm o re , bo th
Peak I  p h o sp h o ty ro sy l p h o sp h a ta se  and PNPPase a c t i v i t i e s  a re  i n h ib i te d  
2+by Zn and f l o u r id e ,  b u t a re  n o t in h ib i te d  by lev am iso le  or v a n a d a te . 
Peak I  PNPPase i s  i n h ib i te d  s l i g h t l y  by v an a d a te  in  th e  m il l im o la r  
ra n g e . C hernoff e t  a l . ,  (1983) and Swarup e t  a l . ,  (1 9 8 2 ), have r e p o r te d  
t h a t  b o th  PNPPase a c t i v i t y  and p h o sp h o ty ro sy l p r o te in  p h o sp h a ta se  
a c t i v i t i e s  r e s i d e  in  th e  same enzyme. The r e s u l t s  p re s e n te d  i n  t h i s  
























betw een p h o sp h o ty ro s in e  and p -n itro p h e n y lp h o s p h a te  as seen  in  F ig u re  4 , 
su g g e s ts  th a t  b o th  PNPPase and p h o sp h o ty ro sy l p h o sp h a ta se  a c t i v i t i e s  o f 
th e  Peak I  f r a c t io n  cou ld  r e s id e  in  th e  same p r o te i n .  In  any e v e n t,  
th e s e  r e s u l t s  s tro n g ly  su g g e s t t h a t  th e  EAT c e l l  p h o sp h a ta se s  may 
c o n s t i tu t e  a new c la s s  o f  p h o sp h a ta se  enzyme ( s e e  Appendix 1 ) .
The in fo rm a tio n  p re s e n te d  h e re  w i l l  be u s e fu l  fo r  more e f f e c t i v e l y  
d e s ig n in g  experim ents w hich would u se  th e s e  p h o sp h a ta se s  in  s tu d ie s  
s p e c i f i c a l l y  p rob ing  th e  r o l e  o f  p h o s p h o ry la tio n /  d e p h o sp h o ry la tio n  
e v e n ts  in  m e tab o lic  r e g u la t io n  and in  c e l l  t ra n s fo rm a t io n .
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APPENDIX I
DIFFERENT CLASSES OF PHOSPHATASES-
EC Number Recommended Name R efe ren ce
3 .1 .3 .1 A lk a lin e  p h o sp h a ta se E ngstrom , (1961)
3 .1 .3 .2 A cid p h o sp h a ta se H o lla n d e r , (1971)
3 .1 .3 .3 P h o sp h o se rin e  phosphatase B r id g e rs , (1967)
3 .1 .3 .4 P h o s p h a tid a te  phosphatase Krag & L en n arz , (1974)
3 .1 .3 .9 G lu co se -6 —p h osphatase S t e t t e n ,  (1970)
3 .1 .3 .1 6 P h o sp h o p ro te in  pho sp h a tase Rose & H eald , (1961)
3 .1 .3 .1 7 P h o sp h o ry la se  phosphatase Hurd e t  a l . ,  (1966)
3 .1 .3 .2 4 S ucrose  p h o sp h a tase Hawker & H atch , (1966)
3 .1 .3 .3 2 P o ly n u c le o tid e  3 '-p h o sp h a ta se B ecker & H u rw itz , (1967)
3 .1 .3 .4 1 4 -N itro p h e n y l phosphatase A t t i a s  & D urand, (1973)
^ P h o sp h o ty ro sy l p r o te i n  p h o sp h a tases  and ou r EAT c e l l  
p h o sp h a ta se s  b e lo n g  to  a new c la s s  o f p h o sp h a ta se s .
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